DOC  file  coa>  ADA051271 


frequency  division  multiplex 


PERFORMANCE  IMPROVEMENT 


D D C 

MAR  16  1973  ' 

i 

— ' D 


transmission  systems  branch 

1842  ELECTRONICS  ENGINEERING  GROUP 
SCOTT  AFB,  ILLINOIS 
1 FEBRUARY  1978 

DISTRIBUTION  STATEM'fk^  A 

AppTOved  foi  public  rc!e~isc; 

Distiibution  Unlioiii'd 


1842  ELECTRONICS  ENGINEERING  GROUP 


MISSION 


The  1842  Electronics  Engineering  Group  (EEG)  is 
organized  as  an  independent  group  reporting 
directly  to  the  Commander,  Air  Fcrce  Communica- 
tions Service  (AFCS)  with  the  mission  to  provide 
communi cati ons-el ectroni cs-meteorol ogi cal  (CEM) 
systems  engineering  and  consultive  engineering 
for  AFCS.  In  this  respect,  1842  EEG  responsi- 
bilities include:  Developing  engineering  and 
installation  standards  for  use  in  planning, 
programming,  procuring,  engineering,  installing 
and  testing  CEM  systems,  facilities  and  equip- 
ment; performance  of  systems  engineering  of  CEM 
requirements  that  must  operate  as  a system  or 
in  a system  environment;  operation  of  a special- 
ized Digital  Network  System  Facility  to  analyze 
and  evaluate  new  digital  technology  for  applica- 
tion to  the  Defense  Cotnnuni cations  System  (DCS) 
and  other  special  purpose  systems;  operation  of 
a facility  to  prototype  systems  and  equipment 
configurations  to  check  out  and  validate  engi- 
neering-installation standards  and  new  installa- 
tion techniques;  providing  consultive  CEM 
engineering  assistance  to  HQ  AFCS,  AFCS  Areas, 
MAJCOMS,  DOD  and  other  government  agencies. 


I 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (Wh 


REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

REPORT  NUMBER  1 

1842  EEG/EETTW— TR  78-^ 

2.  GOVT  ACCESSION  NO. 

3 RECIPIENT'S  CATALOG  NUMBER 

4 TITLE  CAn 


fiJlEQUENCY  gIVISION  ^LTIPLEX  BASEBAND 
(^ABLE  JLANT  PERFORMANC^MPROVEMENT. 


7 AUTHORf*; 


j:RANiy^^A  I^IEU  ~j 


8.  CONTRACT  OR  GRANT  NUMBER^aJ 


10.  PROGRAM  element.  PROJECT,  TASK 
AREA  & WORK  UNIT  NUMBERS 


9 PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

1842  EEG/EETTW  (AFCS) 

SCOTT  AFB  IL 


11.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

1842  EEG/EETTW 
SCOTT  AFB  IL 


u monitoring  AGENCY  NAME  ft  AODRESSr^r  di/Zeronf  /rom  Con(ro/Ifn^  0//ice;  IS.  gFrtiRiTv  Asc_  Ja!  rmonrfi 

(3^S7yt\ 

15a.  DECLASSIFICATION  DOWNGRADING 
SCHEDULE 


16.  distribution  statement  (ol  this  Report) 


Approved  for  public  release.  Distribution  unlimited. 


17.  DISTRIBUTION  STATEMENT  (oi  the  abstract  entered  In  Block  20,  H different  from  Report) 


BESUVAlLABi.j:  COPY 


19.  KEY  WORDS  (Continue  on  reverse  side  if  necessary  and  idenr//y  by  block  number) 

FREQUENCY  DIVISION  MULTIPLEX 
FREQUENCY  SIGNATURES 
ISOLATION  CHARACTERISTICS 
RADIO  FREQUENCY  INTERFERENCE 
GROUND  LOOP  NOISE  AND  CROSSTALK 


ABSTRACT  (Continue  on  reverse  side  If  necessary  and  Identify  by  block  number) 

This  report  provides  an  in-depth  discussion  of  the  noise  problems  that  are 
encountered  in  existing  Defense  Communications  System  frequency  division 
multiplex  baseband  cable  plants.  The  causes  of  these  problems  are  cited;  test 
procedures  to  Isolate  and  Identify  specific  deficiencies  are  provided. 
Corrective  techniques  and  their  application  for  the  reduction  of  noise  within 
existing  facilities  are  described.  Often  quoted  (but  unsuccessful  in 
practice)  methods  for  reducing  RFI  in  TRIAX  cable  plants  are  discussed  in  — 


DD  1JAN*73  1473  edition  OF  I NOV  *s  IS  OBSOLETE  UNCLASSIFIED 

SE CURITY  CLASSIFICATION  OF  THIS  PACE  CKTisn  Dtim  Entfrrd) 

I / -TVI  I'J 


p 


20.  (Cont’d)  terms  of  test  results,  System  degrading  measurement  methods 
used  to  accomplish  baseband  sweeps  and  read  baseband  loading  are  disclosed. 
And  finally,  the  economics  of  recovery  of  logged  out  communications  channels 
la  treated, 


UNCLASSIFIED 

security  classification  of  this  PAGEfWiFn  DmI*  Bnfnd) 


APPROVAL  PAGE 


This  report  has  been  reviewed  and  is  approved  for  publication  and  distribution 


ZYGMUND  J.  BARA 
1842  EEG/EET  (AFCS) 

Chief,  Command,  Control  & Defense  Communication  Systems  Engineering  Division 


HAYlfE  F.  WILSON 
1842  EEG/EETT  (AFCS) 

Chief,  Transmission  Systems  Branch 


FRANK  LA  DIED 

1842  EEG/EETTW  (AFCS) 

Electronics  Engineer,  Author 


RTtI  IMh  UHUrn 

$x  Ml  SKflM  n 

iiilAAKOOllCEl  □ 

JKTIflCAtlM 


MAR  16  1373 


TABLE  OF  CONTENTS 


r 

f 


i 

i 

I 

i 

I 


Paragraph 

Page 

1.0 

INTRODCTION 

1 

1.1 

General 

1 

1.2 

References 

1 

1.3 

Background 

1 

1.4 

Purpose 

2 

2.0 

EVALUATION  TECHNIQUES 

2 

2.1 

Old  Methods 

2 

2.2 

New  Methods 

3 

2.3 

Data  Products 

4 

2.4 

Test  Conditions 

4 

2.5 

Test  Equipment  and  Procedures 

8 

2.6 

Signature  and  Characteristic  Analysis 

9 

3.0 

APPLICATION 

10 

3.1 

Baseband  Cable  Plant  Noise  Evaluation 

10 

3.2 

Baseband  Cable  Plant  Comparison 

10 

3.3 

Facility  Baseline  Data  for  Baseband 

Cable  Plants 

11 

4.0 

BASEBAND  CABLE  PLANT  DATA  ANALYSIS 

11 

4.1 

TRIAX  Cable  Plant  Tests 

11 

4.1.1 

Isolation  Antinodes 

11 

4.1.2 

Variations  from  NORMAL  Grounding 

13 

4.1.3 

Baseband  Sweeps  and  Loading 

Measurements 

19 

4.2 

COAX  Cable  Plant  Tests 

19 

4.2.1 

COAX  Cable  Plant  Isolation 

19 

4.2.2 

RFI  in  COAX  Cable  Plants 

19 

4.2.3 

Double  Shielded  COAX 

20 

4.3 

Balanced  Baseband  Cable  Plants 

20 

5.0 

BASEBAND  CABLES  AND  SYSTEM  NOISE 

20 

6.0 

CHANNEL  ECONOMICS 

23 

i 


7.0 

SUMMARY 

2U 

8.0 

CONCLUSIONS 

25 

9.0 

RECOMMENDATIONS 

25 

9.1 

Identification  of  RFI  Channela 

25 

9.2 

Training 

26 

9.3 

Evaluation 

26 

9.*t 

Correction 

26 

9.5 

Characterization 

26 

9.6 

Performance  Verification 

26 

9.7 

Cable  Plant  Configuration  Changes 

26 

9.8 

Baseband  Sweeps  and  Loading  Measurements 

26 

i 


ii 


LIST  OF  APPENDICES 


i i 

i 

i 

[ : 

PAGE  I 

i 

j 

REPOHT  ON  SCOPE  COMMUNICATIONS  A-1  through  A-42  | 

BASEBAND  CABLE  PLANTS  - ENGINEERING  - j 

INSTALLATION  AND  TESTING  5 SEPTEMBER 
1975 

B TRIAX  BASEBAND  CABLE  PLANT  DATA  B-1  through  B-12i( 

C COAX  BASEBAND  CABLE  PLANT  DATA  C-1  through  C-6 

D DATA  AND  REPORTS  ON  BALANCED  D-1  through  D-90 

BASEBAND  CABLE  PLANT  INVESTI- 
GATIONS 


APPENDIX 

I 

A 


ill 


ILLUSTRATIONS 


FiKure 

Page 

1 

Correction  of  Isolation  Characteristic  Data 

5 

2 

Normal  Grounding  for  TRIAX  Cable  Plants 

6 

3 

Test  Equipment  Set  Up  for  Frequency  Signature  and 

Isolation  Characteristic  Measurements 

7 

25.1 

Signature  and  Characteristic  for  NORMAL  Grounding 

B-1 

25.2 

Pair  Isolation  (XMIT  and  REC  outer  shields  removed  from 

ground  at  C-P) 

B-2 

25.3 

Signature  (REC  cable  outer  shield  ungrounded  at  C-P) 

B-3 

25.^4 

Signature  (XMIT  cable  outer  shield  ungrounded  at  C-P) 

B-4 

25.5 

Signature  (XMIT  and  REC  cable  outer  shields  ungrounded 

at  C-P) 

B-5 

25.6 

Signature  (REC  outer  shield  ungrounded  at  radio  - grounded 

at  C-P;  XMIT  outer  shield  ungrounded  at  C-P  - grounded 

at  radio 

B-6 

25.7 

Signature  (REC  outer  shield  ungrounded  at  C-P  - grounded 

at  radio;  XMIT  outer  shield  ungrounded  at  radio  - grounded 

at  C-P) 

B-7 

25.8 

Signature  and  Characteristic  for  NORMAL  Grounding  - No 

Alternate  Cables 

B-8 

25.9 

Pair  Isolation  (XMIT  and  REC  outer  shields  removed  from 

ground  at  C-P)  - No  Alternate  Cables 

B-9 

25.10 

Signature  (REC  outer  shield  ungrounded  at  C-P)  - No 

Alternate  Cables 

B-10 

25.11 

Signature  (XMIT  outer  shield  ungrounded  at  C-P)  - No 

Alternate  Cables 

B-11 

25.12 

Signature  (XMIT  and  REC  cable  shields  ungrounded  at 

C-P)  - No  Alternate  Cables 

B-12 

25.13 

Signature  (REC  outer  shield  ungrounded  at  radio  - grounded 

at  C-P;  XMIT  outer  shield  ungrounded  at  C-P  - grounded 

at  radio)  - No  Alternate  Cables 

B-1 3 

25.14 

Signature  (REC  outer  shield  ungrounded  at  C-P  - grounded 

at  radio;  XMIT  outer  shield  ungrounded  at  radio  - grounded 

at  C-P)  - No  Alternate  Cables 

B-14 

25.15 

Signature  and  Characteristic  NORMAL  Grounding  with  X-Y 

Strap  on  REC  Cable  - No  Alternate  Cables 

B-15 

25.16 

Signature  and  Characteristic  NORMAL  Grounding  with  X-Y 

Strap  on  XMIT  Cable  - No  Alternate  Cables 

B-16 

iv 


tm 


25.17 

Signature  and  Characteristic  NORMAL  Grounding  with  X-Y 

Strap  on  REC  and  XMIT  Cables  - No  Alternate  Cables 

B-17 

25.18 

Pair  Isolation  for  Isolation  Loss  from  Combining  Panel 

Covers  Being  Left  Open  - No  Alternate  Cables 

B-18 

50.1 

Signature  and  Characteristic  for  NORMAL  Grounding 

(50  foot  TRIAX  cable  plant) 

B-19 

50.2 

Pair  Isolation  (XMIT  and  REC  outer  shields  removed 

from  ground  at  C-P) 

B-20 

50.8 

Signature  and  Characteristic  for  NORMAL  Grounding  - 

No  Alternate  Cables 

B-21 

50.9 

Pair  Isolation  (XMIT  and  REC  outer  shields  removed  from 

ground  at  C-P)  - No  Alternate  Cables 

B-22 

50.13 

Signature  (REC  outer  shield  ungrounded  at  radio  - grounded 

at  C-P;  XMIT  outer  shield  ungrounded  at  C-P  - grounded  at 

radio)  - No  Alternate  Cables 

B-23 

50.14 

Signature  (REC  outer  shield  ungrounded  at  C-P  - grounded 

at  radio;  XMIT  outer  shield  ungrounded  at  radio  - grounded 

at  C-P)  - No  Alternate  Cables 

B-24 

50.15 

Pair  Isolation  for  Isolation  Loss  from  Combining  Panel  Covers 

Being  Left  Open  - No  Alternate  Cables 

B-25 

75.1 

Signature  and  Characteristic  for  NORMAL  Grounding 

B-26 

75.2 

Pair  Isolation  (XMIT  and  REC  outer  shields  removed  from 

ground  at  C-P) 

B-27 

75.6 

Signature  (REC  outer  shield  ungrounded  at  radio  - grounded 

at  C-P;  XMIT  outer  shield  ungrounded  at  C-P  - grounded 

at  radio) 

B-28 

75.7 

Signature  (REC  outer  shield  ungrounded  at  C-P  - grounded 

at  radio;  )(MIT  outer  shield  ungrounded  at  radio  - grounded 

at  C-P) 

B-29 

75.8 

Signature  NORMAL  Grounding  - No  Alternate  Cables 

B-30 

75.9 

Pair  Isolation  NORMAL  Grounding  - No  Alternate  Cables 

B-31 

75.10 

Pair  Isolation  (XMIT  and  REC  outer  shields  removed  from 

ground  at  C-P)  - No  Alternate  Cables 

B-32 

75.16 

Pair  Isolation  for  Isolation  Loss  from  Combining  Panel 

Covers  Being  Left  Open  - No  Alternate  Cables 

B-33 

100.1 

Signature  and  Characteristic  for  NORMAL  Grounding  (100 

foot  TRIAX  cable  plant) 

B-34 

100.14 

Signature  and  Characteristic  for  NORMAL  Grounding  - No 

Alternate  Cables 

B-35 

100.16 

Signature  and  Characteristic  for  NORMAL  Grounding  - Alternate 

Cables  Outer/Inner  Shields  Shorted 

B-36 

t 


ii 


100.19 


B-37 


100.20 

100.21 

100.22 

200.1 

200.2 

200.5 

200.9 

200.10 

200.13 

200.19 

200.16 

200.17 

200.18 

200.19 

200.20 

200.25 

200.27 

200.37 


Signature  and  Characteristic  for  NORMAL  Grounding  - Alternate 
Cables  (75  foot)  Outer/Inner  Shields  Open 

Signature  and  Characteristic  for  NORMAL  Grounding  - Alternate 
Cables  (75  foot)  Outer/Inner  Shields  Shortt 

Signature  and  Characteristic  for  NORMAL  Grounding  - Alternate 
Cables  (100  foot)  Outer/Inner  Shields  Open 

Signature  and  Characteristic  for  NORMAL  Grounding  - Alternate 
Cables  (100  foot)  Outer/Inner  Shields  Shorted 
Signature  NORMAL  Grounding  (200  foot  TRIAX  Cable  Plant) 
Characteristic  NORMAL  Grounding  (200  foot  TRIAX  Cable  Plant) 
Pair  Isolation  (XMIT  and  REC  outer  shields  removed  from 
ground  at  C-P) 

Pair  Isolation  (XMIT  and  REC  outer  shields  removed  from 
ground  at  radio) 

Signature  (XMIT  outer  shield  ungrounded  at  radio) 

Signature  (REC  outer  shield  ungrounded  at  C-P  - grounded 
at  radio;  XMIT  outer  shield  ungrounded  at  radio  - grounded 
at  C-P) 

Signature  (REC  outer  shield  ungrounded  at  radio  - grounded 
at  C-P;  XMIT  outer  shield  ungrounded  at  C-P  - grounded 
at  radio) 

Signature  NORMAL  Grounding  - Primary  Cables'  Outer  Shields 
Grounded  at:  Radio,  C-P,  100  ft 

Pair  Isolation  NORMAL  Grounding  - Primary  Cables'  Outer 
Shields  Grounded  at:  Radio,  C-P,  100  ft 
Signature  NORMAL  Grounding  - Primary  Cables'  Outer  Shields 
Grounded  at:  Radio,  C-P,  50,  100,  150  ft 
Pair  Isolation  NORMAL  Grounding  - Primary  Cables'  Outer 
Shields  Grounded  at:  Radio,  C-P,  50,  100,  150  ft 
Signature  and  Characteristic  for  NORMAL  Grounding  - Primary 
Cables'  Outer  Shields  Grounded  at:  Radio  (0  ft),  25,  50, 

100,  125,  150,  200  (C-P)  ft 

Signature  and  Characteristic  for  NORMAL  Grounding  (75  ft 
Alternate  Cables;  XMIT  and  REC  Shields  Open)  - Primary 
Cables'  Outer  Shields  Grounded  at:  Radio,  C-P,  25,  50, 

100,  125,  150  ft 

Signature  NORMAL  Grounding  (50  foot  Alternate  Cables; 

XMIT  and  REC  Shields  Shorted) 

Signature  and  Characteristic  for  NORMAL  Grounding  - Primary 
Cables'  Outer  Shields  Segmented  and  Grounded 


B-38 

B-39 


B-91 

B-92 

B-93 

B-99 

B-95 

B-46 


B-97 


B-98 


B-50 

B-51 

B-52 


B-53 


B-59 

B-55 


Vi 


300.1 

Signature  NORMAL  Grounding  (300  foot  TRIAX  Cable  Plant) 

B-56 

300.2 

Characteristic  NORMAL  Grounding  (300  foot  TRIAX  Cable  Plant) 

B-57 

300.3 

Pair  Isolation  (XMIT  and  REC  outer  shields  removed  from 

ground  at  C-P) 

B-58 

300.7 

Pair  Isolation  (XMIT  and  REC  outer  shields  removed  from 

ground  at  radio) 

B-59 

300.8 

Signature  (REC  outer  shield  removed  from  ground  at  radio) 

B-60 

300.9 

Signature  (XMIT  outer  shield  removed  from  ground  at  radio) 

B-61 

300.10 

Signature  (XMIT  and  REC  outer  shields  removed  from  ground 

at  radio) 

B-62 

300.11 

Signature  (REC  cable  ungrounded  at  radio;  XMIT  cable 

ungrounded  at  C-P) 

B-63 

300.12 

Signature  (REC  cable  ungrounded  at  C-P;  XMIT  cable 

ungrounded  at  radio) 

B-64 

400.1 

Signature  NORMAL  Grounding  (400  foot  TRIAX  cable  plant) 

B-65 

400.2 

Characteristic  NORMAL  Grounding  (400  foot  TRIAX  cable  plant) 

B-66 

400.3 

Pair  Isolation  (XMIT  and  REC  outer  shields  removed  from 

ground  at  C-P) 

B-67 

400.7 

Pair  Isolation  (XMIT  and  REC  outer  shields  removed  from 

ground  at  radio) 

B-68 

400.14 

Signature  NORMAL  Grounding  - Alternate  REC  Cable  Outer  Shield 

Ungrounded  at  C-P 

B-69 

400.15 

Signature  NORMAL  Grounding  - Alternate  XMIT  Cable  Outer  Shield 

Ungrounded  at  C-P 

B-70 

400.16 

Signature  NORMAL  Grounding  - Alternate  XMIT  and  REC  Cable 

Outer  Shields  Ungrounded  at  C-P 

B-71 

500.1 

Signature  and  Characteristic  for  NORMAL  Grounding  (500  foot 

TRIAX  cable  plant) 

B-72 

500.2 

Pair  Isolation  (XMIT  and  REC  outer  shields  removed  from  ground 

at  C-P) 

B-73 

500.3 

Signature  (REC  cable  outer  shield  ungrounded  at  C-P) 

B-74 

500.4 

Signature  (XMIT  outer  shield  ungrounded  at  C-P) 

B-75 

500.5 

Signature  (XMIT  and  REC  cable  outer  shields  ungrounded  at 

C-P) 

B-76 

500.6 

Signature  ()CMIT  and  REC  cable  outer  shields  ungrounded  at 

radio) 

B-77 

500.7 

Signature  (REC  outer  shield  ungrounded  at  C-P  - grounded  at 

radio;  XMIT  outer  shield  ungrounded  at  radio  - grounded  at 

C-P) 

B-78 

500.8 

Signature  (REC  outer  shield  ungrounded  at  radio  - grounded  at 

C-P;  XMIT  outer  shield  ungrounded  at  C-P  - grounded  at  radio) 

vii 

B-79 

500.9 

500.10 

500.11 


B-80 

B-81 

B-82 


Signature  NORMAL  Grounding  with  X-Y  Strap  on  XMIT  Cable 
Signature  NORMAL  Grounding  with  X-Y  Strap  on  REC  Cable 
Signature  NORMAL  Grounding  with  X-Y  Straps  on  XMIT  and  REC 
Cables 

500.14  Pair  Isolation  NORMAL  Grounding  - XMIT  and  REC  Cables 
Terminated  in  75  Ohm  Resistive  Loads  vice  C-P  Hybrid  Trans- 
former 

500.15  Pair  Isolation  NORMAL  Grounding  - X-Y  Straps  on  REC  and 
XMIT  Cables 

500.16  Pair  Isolation  (XMIT  and  REC  outer  shields  removed  from 
ground  at  radio) 

500.20  Signature  - Primary  Cables  Grounded  at  Radio  and  C-P 
(NORMAL  Grounding) 

500.21  Characteristic  - Primary  Cables  Grounded  at  Radio  and  C-P 
(NORMAL  Gounding) 

500.22  Signature  - Primary  Cables  Grounded  (Outer  Shield)  at  Radio, 
C-P,  100  ft  (Measured  from  Radio) 

500.23  Characteristic  - Primary  Cables  Grounded  at  Radio,  C-P, 

100  ft 

500.24  Signature  - Primary  Cables  Grounded  at  Radio,  C-P,  200  ft 

500.25  Characteristic  - Primary  Cables  Grounded  at  Radio,  C-P, 

200  ft 

500.26  Signature  - Primary  Cables  Grounded  at  Radio,  C-P,  300  ft 

500.27  Characteristic  - Primary  Cables  Grounded  at  Radio,  C-P, 

300  ft 

500.28  Signature  - Primary  Cables  Grounded  at  Radio,  C-P,  400  ft 

500.29  Characteristic  - Primary  Cables  Grounded  at  Radio,  C-P, 

400  ft 

500.30  Signature  - Primary  Cables  Grounded  at  Radio,  C-P,  100, 

200  ft 


B-83 

B-84 

B-85 

B-86 

B-87 

B-88 

B-89 

B-90 

B-91 

B-92 

B-93 

B-94 

B-95 

B-96 

B-97 

B-98 

B-99 

B-lOO 

B-101 


500.36 

Signature  - Primary  Cables  Grounded  at  Radio,  C-P, 

300  ft 

200, 

B-102 

500.37 

Characteristic  - Primary  Cables  Grounded  at  Radio, 

200,  300  ft 

C-P, 

B-103 

500.38 

Signature  - Primary  Cables  Grounded  at  Radio,  C-P, 

200,  300  ft 

100, 

B-104 

500.39 

■’haracteristic  - Primary  Cables  Grounded  at  Radio, 

100,  200,  300  ft 

C-P, 

B-105 

500.40 

Signature  - Primary  Cables  Grounded  at  Radio,  C-P, 

200,  300,  400  ft 

100, 

B-106 

500.41 

Characteristic  - Primary  Cables  Grounded  at  Radio, 

100,  200,  300,  400  ft 

C-P, 

B-107 

500.44 

Signature  - Primary  Cables  Grounded  at  Radio,  C-P, 

400,  450  ft 

100, 

B-108 

500.45 

Signature  - Primary  Cables  Grounded  at  Radio,  C-P, 

100,  400,  450  ft 

50, 

B-109 

500.46 

Signature  - Primary  Cables  Grounded  at  Radio,  C-P, 

100,  200,  300,  400,  450  ft 

50, 

B-110 

500.47 

Characteristic  - Primary  Cables  Grounded  at  Rajio, 

50,  100,  200,  300,  400,  450  ft 

C-P, 

B-111 

500.48 

Signature  - Primary  Cables  Grounded  at  Radio,  C-P, 

200,  300,  400,  450  ft-  Cables  Damp 

50,  100, 

B-112 

500.49 

Characteristic  - Primary  Cables  Grounded  at  Radio, 

100,  200,  300,  400,  450  ft  - Cables  Damp 

C-P,  50, 

B-113 

500.50 

Signature  - Primary  Cables  Grounded  at  Radio,  C-P, 

300,  400  ft  - Cables  Damp 

100,  200, 

B-114 

500.51 

Characteristic  - Primary  Cables  Grounded  at  Radio, 

200,  300,  400  ft  - Cables  Damp 

C-P,  100, 

B-115 

500.54 

Signature  - Primary  Cables  Grounded  at  Radio,  C-P,  100,  200, 

300,  400  ft  - Alternate  Cable's  Outer  Shields  Grounded  at 

Wideband  Patch 

B-116 

500.55 

Characteristic  - Primary  Cables  Grounded  at  Radio, 

200,  300,  400  ft  - Alternate  Cables'  Outer  Shields 

at  Wideband  Patch 

C-P,  100, 

Grounded 

B-117 

500.58 

Signature  and  Characteristic  NORMAL  Grounding  - 35 

Alternate  Cables  - Inner/Outer  Shields  Open 

foot 

B-118 

500.59 

Signature  and  Characteristic  NORMAL  Grounding  - 35 

Alternate  Cables  - Inner/Outer  Shields  Shorted 

foot 

B-119 

500.61 

Signature  and  Characterisitc  NORMAL  Grounding  - 500  foot 

Alternate  Cables  - Inner/outer  Shields  Shorted 

ix 

B-120 

r 


500.62 

Signature  and  Charaoteriatio  NORMAL  Grounding  - Control  Data 

B-121 

500.63 

Signature  and  Characteristic  NORMAL  Grounding  - Measurement 

at  Radio  Input  Using  "T"  Connector 

B-122 

500.64 

Signature  and  Characteristic  NORMAL  Grounding  - Balanced 

Measurement  at  C-P 

B-123 

500.65 

Signature  and  Characteristic  NORMAL  Grounding  - Unbalanced 

Measurement  at  C-P 

B-124 

25.19 

Signature  and  Characteristic  for  NORMAL  Grounding  - 25  foot 

COAX  Cable  Plant 

C-1 

31.1 

Signature  and  Characteristic  for  NORMAL  Grounding  - 31  foot 

Double  Shielded  COAX  Cable  Plant 

C-2 

50.16 

Signature  and  Characteristic  for  NORMAL  Grounding  - 50  foot 

COAX  Cable  Plant 

C-3 

75.17 

Signature  and  Characteristic  for  NORMAL  Grounding  - 75  foot 

COAX  Cable  Plant 

C-4 

75.18 

Signature  and  Characteristic  for  NORMAL  Grounding  -75  foot 

COAX  Cable  Plant  with  X-Y  Straps  Removed 

C-5 

100.23 

Signature  and  Characteristic  for  NORMAL  Grounding  - 100  foot 

COAX  Cable  Plant 

C-6 
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1.0  INTRODUCTION 


1.1  General . Radio  frequency  interference  (RFI),  crosstalk  and  ground  loop  noise  in  baseband  cable 
plants  interfacing  frequency  division  multiplex  (FDM)  and  wideband  communications  radios  is  depriving 
the  Defense  Communications  System  (DCS)  of  hundreds  of  oommunioations  channels  while  degrading  the 
performance  of  thousands  of  others.  This  report  discusses  the  fundamental  characteristics  of  FDM 
baseband  cable  plants  currently  in  use,  details  their  deficiencies  and  describes  the  technology  for 
their  correction. 


1 . 2  References. 


1.2.1  AFCS/EPZ  Report  dated  5 September  1975,  Subject:  Scope  Communications  Baseband  Cable  Plants- 
Engineering,  Installation  and  Testing. 

1.2.2  AFCS-1839  E-I  GP-EMC-75-59  Report  dated  1 December  1975,  Subject:  Interference  Investigation 
to  AN/UCC-9  Multiplex  Equipment  at  Selected  Scope  Comm  Sites. 

1.2.3  AFCS-1839  E-I  GP-EMC-77-52  Report  dated  15  August  1977,  Subject:  Radio  Frequency  Interference 
Measurements  of  the  New  Wideband  Cable  Plant  at  RAF  Croughton  and  RAF  Uxbridge,  United  Kingdom. 

1.3  BACKGROUND 


1.3.1  Baseband  cable  technology  is  believed  by  the  author  to  be  a new  area  of  engineering 
investigation.  In  past  times,  installing  connectors  on  a pair  of  cables  and  using  the  cables  to 
interface  multiplex  equipment  and  radios  seemed  to  be  a straightforward  enough  task.  What  could  go 
wrong  with  the  cables  if  the  connectors  were  on  right?  Nothing  much  was  the  standard  answer.  The 
radios  and  the  multiplex  and,  yes,  those  poor  station  grounds  were  the  bad  fellows.  Not  to  forget 
RSLs  which  were  often  low  enough  to  justify  any  noise  problems.  Then  something  went  wrong.  Suddenly 
high  performance  radios  along  with  high  performance  multiplex  were  being  Installed  in  Europe  under 
the  Task  21  Scope  Comm  Program  by  contractor  personnel.  The  basic  systems  engineering  was  good;  RSLs 
were  excellent.  Yet,  the  system  performance  was  unacceptable  in  terms  of  RFI,  crosstalk,  and  idle 
channel  noise.  The  contractor  correctly  identified  the  problem  as  poor  isolation  in  the  baseband 
cable  plants,  but  incorrectly  laid  the  fault  to  GFE-balanoed  baseband  composite  video  cables. 
AFCS/EPZ  was  tasked  to  investigate  and  correct  these  cable  plants.  The  findings  are  cited  in  Ref 

1.2.1  which  is  included  in  Appendix  A of  this  report.  From  this  start  grew  a new  technology 
consisting  of  theory,  evaluation  techniques,  and  test  methods.  New  test  equipment  and  recent 
applications  engineering  has  resulted  in  major  improvements  in  the  testing  and  evaluation  of  baseband 
cable  plants  with  increased  accuracy  and  greatly  reduced  test  time.  These  tools  have  been  applied  to 
the  investigations  described  in  this  report.  Indeed,  without  these  new  equipments  and  test 
procedures,  the  data  for  this  report  would  have  required  years  to  assemble  because  of  the  combinations 
of  tests  required  and  the  time  needed  to  plot  isolation  curves  by  hand. 
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The  purpose  in  writing  this  report  is  to  focus  attention  on  the  performance  limiting 
characteristics  of  FDM  baseband  cable  plants  currently  used  throughout  the  DCS  and  provide  documented 
evidence  that  these  limitations  can  be  significantly  reduced  or  totally  eliminated  through  the 
application  of  FDM  baseband  cable  plant  technology. 

1.4.2  Other  important  considerations  are  to: 

1.4. 2.1  Make  available  to  all  interested  activities  a single  document  presenting  an  accumulation  of 
findings  from  both  field  and  laboratory  testing  that  constitutes  the  latest  information  collected  on 
FDM-radio  interfaces. 

1.4. 2. 2 Make  clear  the  reasons  for  and  causes  of  a multiplicity  of  inconsistent  and  previously 
unexplained  phenomena  associated  with  baseband  cable  installations. 

1.4. 2. 3 Provide  a new  approach  to  assessment  of  wideband  facility  RFI  studies  in  terms  of  baseband 
cable  plant  Isolation. 

1.4. 2. 4 Justify  changes  to  present  baseband  cable  plant  installation  requirements  such  as: 

1.4. 2. 4.1  Elimination  of  baseband  cable  appearances  at  the  facility  wideband  patch  bays. 

1.4. 2. 4. 2 Elimination  of  alternate  (spare)  baseband  cables. 

2.0  EVALUATION  TECHNIQUES 


2.1  Old  Methods.  Methods  used  by  AFCS  personnel  during  early  investigations  of  baseband  cable  plants 
are  described  in  detail  in  Appendix  A.  In  brief,  a +10  dBm  signal  was  inserted  into  the  radio  end  of 
the  receive  cable  and  the  power  induced  into  the  transmit  cable  was  measured  at  the  radio  end.  Both 
cables  were  terminated  in  the  combining  panel  by  75  ohm  loads..  A frequency  selective  voltmeter  such 
as  the  Sierra  128A  read  the  power  directly  in  dBm  to  which  was  added  10  dB  to  obtain  the  absolute 
isolation  between  receive  and  transmit  cables  for  a 3kHz  slot.  This  data  was  plotted  versus  frequency 
on  a graph  to  obtain  a display  of  cable  plant  isolation  throughout  the  baseband.  Although  crude  and 
time  consuming,  this  method  provided  a tool  with  which  to  assess  isolation  and  thereby  predict  the 
performance  of  the  cable  plant  in  an  operational  configuration.  First,  the  alternate  cable  plant 
would  be  inspected  for  installation  defects  and  tested  to  determine  their  presence  or  absence.  When 
the  alternate  cable  plant  was  found  to  have  an  isolation  of  85  dB  or  higher  across  the  baseband,  the 
cable  plant  was  judged  adequate.  Traffic  was  switched  to  the  alternate  cables  after  baseline  data 
consisting  of  idle  channel  noise,  crosstalk,  and  teat  tone  level  was  taken  on  the  primary  cable  plant. 
Immediately  on  cutover  to  the  alternate  cables,  baseline  data  would  be  taken  to  insure  that  link 


performance  was  not  degraded  and  evaluate  noise  and  crosstalk  improvements.  Isolation  tests  would 
then  be  made  on  the  primary  cables  and  problems  cleared.  When  the  required  isolation  was  obtained, 
traffic  would  be  out  back  to  the  primary  cables  and  new  baseline  data  taken.  To  appreciate  the  full 
scope  of  effort  involved  in  this  method,  consider  a 300  channel  system  from  Hillingdon,  U.K.  to 
Martlesham  Heath  and  consider  three  measurements  per  channel  at  both  locations  each  time  a cable  was 
removed  and  returned  to  traffic.  Using  this  method,  it  required  from  3 days  to  a week  at  each 
location  to  correct  a baseband  cable  plant.  Often  this  effort  was  disrupted  and  data  made  invalid  by 
necessary  maintenance  actions  and  equipment  malfunctions  occurring  at  sites  between  the  facilities 
under  test.  However,  despite  the  drawbacks  to  this  method,  it  resulted  in  excellent  system 
performance  at  a time  when  no  other  techniques  were  available. 

2.2  New  Methods. 

2.2.1  The  next  major  breakthrough  in  baseband  cable  plant  analysis  came  in  the  fall  of  1975  when  Mr. 
Wilhelm  Stoekle,  electronic  technician,  and  Mr.  Fritz  Liebrich,  electrical  engineer,  both  members  of 
European  Comm  Area's  1945  Comm  Group,  were  directed  to  investigate  baseband  cable  plants  at  various 
USAF  sites  in  Germany.  Mr.  Stoekle's  prior  experience  in  cable  plant  troubleshooting  gained  with  the 
AFCS  Scope  Comm  Office  coupled  with  Mr.  Liebrich's  expertise  in  applications  of  the  HP  141T  frequency 
spectrum  analyzer  resulted  in  a new  evaluation  capability.  Using  baseband  amplifiers  (available  ir. 
various  configurations  depending  on  the  radios  used)  for  amplification  and  decoupling,  the  residual 
signals  in  the  transmit(XMIT)  baseband  cable  could  be  displayed  and  graphed  automatically  by  an  X-Y 
recorder.  The  information  obtained  clearly  showed  the  presence  of  any  RFI,  crosstalk,  and  ground  loop 
noise  existing  in  the  baseband  cable  plant  exclusive  of  traffic  which  was  removed  by  pulling  the 
supergroup  looping  plugs  at  the  combining  panel.  A ten  second  sweep  with  a bandwidth  of  3 kHz 
provided  a distinct,  unique,  signature  of  the  baseband  cable  plant's  noise  contribution.  The 
approach  here  was  to  run  an  initial  frequency  signature  of  the  transmit  spectrum  as  installed  and  look 
for  excessive  RFI  or  noise  across  the  baseband.  If  there  appeared  to  be  excessive  noise  present, 
inspection  of  the  cable  plant  was  made  to  insure  that  all  grounds  were  intact  and  connectors  properly 
installed.  When  the  plant  was  deemed  technically  correct,  a new  signature  was  run  to  verify  that  the 
noise  had  been  cleared  or  satisfactorily  reduced.  The  use  of  this  technique  was  demonstrated  to  the 
author  in  July  1977  at  RAF  Croughton,  U.K.  by  Messrs.  Liebrich  and  Stoekle  during  investigation  of 
Task  44  England  baseband  cable  installation  problems  at  that  location.  The  power  of  this  new 
technique  was  readily  apparent  as  was  its  shortcoming.  While  it  was  possible  to  rapidly  test, 
correct,  and  retest  cable  plants,  there  was  no  companion  method  to  display  cable  plant  isolation,  a 
key  performance  indicator.  Only  through  characterization  of  the  baseband  cable  plant's  isolation 
under  varying  conditions  and  lengths  could  a basic  understanding  of  their  performance  be  developed 
and  a baseline  for  their  evaluation  established.  In  short,  it  remained  for  baseband  cable  evaluation 
to  be  converted  from  an  art  based  on  eraperical  experience  to  an  applied  engineering  science. 

2.2.2  Working  from  previous  developments,  what  could  well  be  the  final  technique  in  baseband  cable 
evaluation  was  implemented  at  the  Richards-Gebaur  AFB  Prototype  Test  Facility  (PTF)  in  September 


1977.  This  was  the  addition  of  a HP  8943A  Tracking  Generator  to  the  HP  141T  Speotrun  Analyzer. 
Applying  a signal  to  the  receive  (REC)  baseband  cable  from  the  tracking  generator,  the  power  induced 
into  the  transmit  cable  is  measured  and  displayed  on  the  141T  and  plotted  by  an  X-Y  recorder.  This 
provides  a continuous  isolation  plot  throughout  the  baseband  spectrum  which  can  be  compared  with  the 
baseband  frequency  signature.  The  effect  of  isolation  changes  on  baseband  cable  performance  in  terms 
of  RFI  and  noise  is  readily  apparent.  Using  isolation  and  frequency  plotting,  it  is  possible  to 
completely  characterize  the  performance  of  a baseband  cable  plant  and  establish  performance 
standards. 

2.3  DATA  PRODUCTS.  Data  products  resulting  from  the  new  baseband  cable  test  methods  take  three 
forms:  the  frequency  signature,  the  isolation  characteristic  and  the  composite  frequency  signature 
and  isolation  characteristic. 

2.3.1  The  Frequency  Signature  (See  Fig  200.1).  The  frequency  signature  is  displayed  on  graph  paper  8 
X 10  inches.  Frequency  is  read  horizontally  from  100  kHz  to  2,000  kHz  (Supergroups  1 thru  8);  signal 
amplitude  is  read  vertically  in  -dBm0.  To  convert  the  value  read  in  dBm0  to  dBm,  add  -45  dBm  (XMIT 
TLP).  Levels  displayed  are  measured  with  a 3 kHz  slot  filter  and  10  second  sweep  rate. 

2.3.2  The  Isolation  Characteristic  (See  Fig  200.2).  The  isolation  characteristic  utilizes  the  same 
format  as  the  frequency  signature  except  for  vertical  levels  which  are  read  as  absolute  values  of 
isolation  in  dB.  Subtraction  of  10  dB  from  the  value  read  provides  the  level  of  the  signal  induced  in 
the  XMIT  cable  when  treated  as  NEGATIVE  dBm.  Values  of  isolation  read  correctly  to  120  dB  however, 
limiting  in  the  test  set  up  results  in  nonlinearity  for  larger  values.  For  example:  a value  of  127  dB 
read  from  the  graph  is  actually  130  dB;  130  dB  as  read  from  the  graph  is  140  dB.  A teat  calibration 
graph  is  shown  in  Fig  1. 

2.3.3  Composite  Display.  Where  amplitude  and  shape  of  the  frequency  signature  and  isolation 
charaoteristio  permit  dual  presentation  without  confusion,  a composite  display  of  the  signature  and 
characteristic  is  shown  on  one  graph.  This  simplifies  their  comparison  and  analysis.  The  sole  change 
in  format  is  that  the  upper  portion  of  the  graph  la  given  in  dBm0  while  the  lower  portion  is  in  dB. 

2.4  TEST  CONDITIONS. 

2.4.1  TRIAX  and  COAX  baseband  cable  plants  in  Fig  2 are  shown  in  the  NORMAL  configuration.  These 
configurations  were  found  to  provide  maximum  RFI,  crosstalk,  and  ground  loop  noise  reduction  during 
previous  field  tests  and  were,  therefore,  adopted  for  use  at  many  Air  Force  wideband  facilities  in 
West  Germany  and  the  United  Kingdom. 

2. 4. 1.1  NORMAL  grounding  for  a TRIAX  cable  plant  begins  with  a BNC  connector  at  the  radio  end.  The 
center  conductor  of  the  TRIAX  is  soldered  inside  of  the  BNC  center  pin  and  the  inner  and  outer  TRIAX 
shields  are  gathered  together  and  clamped  together  within  the  BNC  connector.  At  the  multiplex 
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combining  panel  the  TRIAX  center  conductor  terminates  in  a WECO  jack  and  is  connected  to  the 
multiplex  HYBRID  input  or  output  transformer  by  a looping  plug.  The  inner  shield  of  both  the 
alternate  and  primary  cable  share  a mutual,  isolated  ground  with  the  HYBRID.  The  outer  shields  of  the 
primary  and  alternate  TRIAX  cables  are  connected  to  station  (equipment)  ground  within  the  combining 
panel  cabinet.  The  alternate  cable  center  conductor  terminates  on  a WECO  Jack  and  may  be  placed  in 
service  by  removing  the  looping  plug  from  the  primary-HYBRID  Jacks  and  inserting  it  in  the  HYBRID- 
alternate  Jacks.  Cabling  is  installed  the  same  for  both  XMIT  and  REC  cables.  Special  note  should  be 
taken  that  the  HYBRID  and  TRIAX  inner  shields  are  NOT  connected  to  cabinet  ground  in  the  NORMAL  TRIAX 
configuration. 

2. 4. 1.2  NORMAL  grounding  for  a COAX  cable  plant  differs  from  that  of  a TRIAX  plant  because  only  one 
braid  (shield)  is  available.  The  single  braid  must  serve  as  both  a shield  and  a signal  return  path. 
Double  braid  COAX  presents  the  same  problem.  At  the  radio  end,  the  COAX  cable  terminates  in  a BNC 
connector.  At  the  multiplex  combining  panel,  the  COAX  center  conductor  terminates  on  a WECO  Jack. 
The  looping  plug  provides  connection  of  the  cable  center  conductor  to  the  HYBRID.  The  shields  of  the 
primary  and  alternate  cables  are  connected  to  the  common,  isolated,  HYBRID  ground  which  is  strapped  to 
cabinet  ground.  This  strapping  is  called  X-Y  strapping.  The  use  of  X-Y  strapping  with  COAX  is 
required  to  reduce  RFI. 

2. 4. 1.3  During  recent  tests,  many  variations  from  NORMAL  grounding  have  been  made  to  explore  their 
effect  on  TRIAX  and  COAX  cable  plants.  The  results  of  these  tests  are  discussed  later  in  this  report. 

2.5  TEST  EQUIPMENT  AND  PROCEDURES. 


2.5.1  A block  diagram  of  the  standard  test  set  up  used  to  obtain  frequency  signatures  and  isolation 
characteristics  is  provided  in  Fig  3-  The  test  equipment  used  consists  of: 

a.  H.P.  7035B  X-Y  Recorder 

b.  H.P.  8443A  Tracking  Generator 

0.  H.P.  141T  Mainframe  equipped  with:  H.P.  8553B  R.F.  Section  and  H.P.  8552B  I.F.  Section. 

In  addition,  use  is  made  of  the  LC-8  radio  adder  and  Insertion  amplifier  to  expand  the  range  of  the 
H.P.  141T.  The  new  DCA  standard  radio  series  has  a baseband  amplifier  which  can  be  utilized  for  the 
same  application.  The  value  of  using  the  as-installed  radio  components  vice  external  amplifiers  is 
that  all  basic  components  of  the  baseband  cable  plant  are  teqted  as  a system.  Excess  noise  in  the 
amplifier  modules  can  be  checked  for  by  terminating  their  inputs  with  75  ohm  terminations  and  sweeping 
the  amplifier  output. 

2.5.2  XMIT  and  REC  baseband  cables  were  spaced  close  together  for  all  tests  reported  herein  unless 
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otherwise  Indicated  on  the  signature  and  characteristic.  Primary  cable  lengths  of  200  ft  or  greater 
were  laid  out  in  rectangular  loop  configuration  on  the  test  building  roof.  Care  was  required  to 
insure  that  cables  were  dry  unless  damp  test  conditions  were  required.  Primary  and  alternate  cable 
lengths  of  100  ft  or  less  were  dressed  about  the  Interior  of  the  test  facility. 

2.5.3  To  obtain  an  isolation  characteristic,  lest  equipment  and  baseband  cables  are  connected  as 
shown  in  Fig  3-  The  tracking  generator  is  set  to  sweep  from  100  kHz  to  2,000  kHz  with  1 kHz 
resolution.  The  output  is  set  for  +10  dBm  into  the  REC  cable  at  the  radio  er»d.  The  radio  end  of  the 
XMIT  cable  is  connected  to  the  141T  input.  The  R.F.  section  of  the  I^IIT  is  set  for  a 3 kHz  bandwidth 
and  a 0.2  MHz  SCAN  WIDTH  PER  DIVISION.  The  I.F.  section  is  set  up  for:  SCAN  TIME  10  sec.,  LOG  REF 
LEVEL  -50,  SINGLE  SCAN,  VIDEO  FILTER  OFF.  The  X-Y  recorder  "Y"  input  is  connected  to  the  lAlT 
vertical  output;  the  "X"  input  is  connected  to  the  141T  SCAN  OUT  terminal.  To  obtain  a frequency 
signature,  use  the  same  test  set  up  with  the  exception  that  the  XMIT  cable  terminates  on  the  adder 
module  input,  the  output  of  the  adder  module  is  applied  to  the  input  of  the  insertion  amplifier  and 
the  output  of  the  insertion  amplifier  is  connected  to  the  141T  input.  The  output  of  the  tracking 
generator  is  set  to  maximum  attenuation  (120  dB)  and  the  REC  cable  left  in  place  on  the  generator's 
input  connection. 

2.6  SIGNATURE  AND  CHARACTERISTIC  ANALYSIS. 

2.6.1  A frequency  signature  for  a 75  ft  primary  cable  (with  50  ft  alt  cable)  is  shown  in  Fig  75.1. 
The  -35  dBm0  reference  level  corresponds  to  a -50  dBm  level  measured  at  a -15  dB  TLP  (Note:  dBm  = dBm0 
+ TLP).  Looking  at  the  signature,  six  distinct  RFI  blips  are  shown  located  at  610,  710,  810,  980, 
1190,  and  1380  kHz.  Three  of  these  are  significant:  810  kHz  at  -68.5  dBm0,  980  kHz  at  -59  dBm0,  and 
1380  kHz  at  -69  dBm0.  The  980  kHz  signal  level  does  not  meet  the  -60  dBm0  single  tone  interference 
specification  cited  in  MIL-STD-I88C.  The  noise  floor  of  the  cable  plant  is  -77  dBm0  or  better.  No 
ground  loop  noise  is  seen  in  this  signature. 

2.6.2  An  isolation  characteristic  of  the  same  75  ft  primary  cable  is  also  shown  in  Fig  75.1.  The  110 
dB  reference  level  shown  corresponds  to  a -100  dBm  signal  induced  into  the  XMIT  cable  by  the  +10  dBm 
signal  level  in  the  REC  cable.  The  isolation  shown  at  1250  kHz  is  read  on  the  characteristic  as  130 
dB.  This  corresponds  to  an  absolute  isolation  of  140  dB  (see  para  2.3.2)  which  is  the  upper  limit  for 
this  test  method.  Isolations  greater  than  180  dB  are  found  to  exist  at  certain  frequencies  in  TRIAX 
cable  plants  and  can  be  calculated  at  specific  frequencies  through  signature  and  characteristic  RFI 
comparison  for  known  lower  values  of  isolation.  For  baseband  cable  plant  evaluation,  an  upper  limit 
of  140  dB  suffices.  In  Fig  75.1  the  characteristic  isolation  antinode  is  clearly  displayed  centered 
around  980  kHz.  This  antinode  is  a breakdown  in  isolation  between  the  XMIT  and  REC  cable  plants.  In 
this  case,  the  minimum  isolation  is  seen  to  be  117  dB  which  is  more  than  enough  to  prevent  cable 
crosstalk. 
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3.0  APPLICATION. 


3-1  Baseband  Cable  Plant  Noise  Evaluation.  The  tools  for  baseband  cable  plant  noise  evaluation  are 
the  frequency  signature  and  the  isolation  characteristic.  They  are  quickly  obtained  once  the  test 
equipment  has  been  set  up  and  calibrated.  Less  than  three  minutes  of  down  time  is  required  to  take 
this  data  when  the  testing  is  performed  by  experienced  personnel.  Evaluation  of  the  data  is  then 
required . 

3.1.1  The  reason  for  making  a frequency  signature  is  that  this  datum  provides  a documented,  visual 
display  of  the  noise  existing  m the  baseband  cable  plant  under  test.  The  noise  seen  in  the  signature 
will  be  transmitted  to  the  distant  station  and  is  the  noise  floor  for  this  particular  cable  plant 
configuration.  Under  operational  conditions,  this  noise  floor  will  combine  with  multiplex,  radio, 
and  waveguide  noise  contributions  and  be  added  to  the  baseband  traffic.  PPI  and  ground  loop  noise  is 
displayed  in  terms  of  level  and  frequency.  That  portion  of  the  baseband  spectrum  used  for  link 
traffic  can  be  closely  examined  for  the  baseband  cable  plant's  contribution  to  noise  at  the  distant 
end.  Should  excessive  RFI  levels  or  ground  loop  noise  be  found  in  the  signature,  corrective  action 
must  be  taken  on  the  baseband  cable  plant  as  only  baseband  cable  plant  noise  contributions  are  shown 
in  the  signature. 

3.1.2  The  isolation  characteristic  provides  the  value  of  absolute  isolation  between  the  XMIT  and  REC 
portions  of  the  baseband  cable  plant  throughout  the  desired  frequency  spectrum.  This  information  is 
vital  to  an  accurate  assessment  of  a plant's  performance.  Usually  a multiplex  is  found  to  be 
operating  under  partially  loaded  conditions  and,  therefore,  crosstalk  may  not  be  seen  in  the 
signature  yet  become  a problem  under  full  loading.  Examination  of  the  isolation  characteristic  will 

show  what  the  absolute  isolation  is  between  cable  plants  over  the  frequency  range  utilized  by  the  link 

. * 

traffic.  For  a single  link,  a minimum  of  85  dB  is  required  to  prevent  crosstalk  from  the  REC  to  the 
XMIT  portion  of  the  cable  plant.  This  level  of  isolation  will  not  be  sufficient  if  the  facility  is 
located  in  an  area  of  high  RFI  sources.  Here  again,  ccrrection  of  the  cable  plant  may  be  required  to 
optimize  its  isolation  over  bortions  of  the  baseband  where  RFI  disturbs  mission  traffic.  The 
isolation  characteristic  will  reveal  the  location  of  isolation  antinodes  and  provide  firm  data  on 
which  corrective  actions  can  be  based. 


• Isolation  requirements  are  discussed  in  para  2.4  of  reference  1.2.1. 

3.2  Baseband  Cable  Plant  Comparison.  Comparative  evaluations  of  baseband  cable  plants  in  the  past 
have  required  excessive  amounts  of  time  to  accomplish.  During  such  testing,  variations  in  system 
loading  and  maintenance  actions  have  frequently  invalidated  much  of  the  data  acquired.  To  obtain 
accurate  data,  constant  involvement  of  highly  experienced  personnel  was  required  to  spot  inconsistent 
test  results.  The  frequency  signature  and  isolation  chafeicteristic  provide  two  powerful  new  tools 
for  cable  plant  analysis  and  make  possible  evaluations  in  minimum  time  using  less  experienced 
personnel.  TRIAX,  COAX,  TWINAX  (balanced),  and  Fiber  Optic  plants  for  FDM-radio  interfaces  can  be 
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oheokeil  for  relative  and  absolute  performance  in  the  laboratory  or  in  operational  facilities. 
Minimal  test  time  is  required;  reliable  data  is  recorded. 

3.3  Facility  Baseline  Dat.a  for  Baseband  Cable  Plants.  Taking  the  signature  and  characteristic  of  a 
baseband  cable  plant  is  a logical  step  in  the  location  and  correction  of  wideband  system  noise 
problems.  Testing  for  radio  and  multiplex  equipment  is  standardized  on  a component  basis.  The  radio 
must  meet  specifications  when  tested  alone;  the  multiplex  must  meet  specifications  when  tested  alone. 
When  these  two  equipments  are  connected  together  by  the  baseband  cable  plant  (and  thereby  become  a 
subsystem)  their  combined  performance  is  often  disappointing.  Neither  the  performance  of  the  radio 
or  the  multiplex  has  changed.  The  change  has  resulted  from  the  noise  contributions  of  the  baseband 
cable  plant.  Because  of  this,  the  baseband  cable  plant  must  be  treated  as  a distinct  subsystem 
component.  It  must  be  iiade  to  meet  specifications  that  will  complement  the  radio  and  multiplex 
performance;  it  must  be  characterized  in  terms  of  its  signature  and  characteristic;  and  it  must  be 
tested  again  at  periodic  intervals  to  insure  that  variations  from  this  baseline  data  do  not  go 
unaccounted  for.  A stabilized  baseband  cable  plant  (a  plant  unaffected  by  physical  or  environmental 
changes)  will  have  a signature  and  characteristic  that  remain  constant  with  time.  Defective 
connectors,  changes  to  the  cable  plant's  grounding  configuration  and  new  sources  of  RFI  will  be  easily 
detected  by  comparison  of  new  signatures  and  characteristics  with  the  original  baseline  data. 
Characterization  of  the  baseband  cable  plant  for  baseline  data  will  make  possible  a systematic 
technique  for  troubleshooting  subsystem  noise  problems. 

4.0  BASSB.AND  CAB'uE  PLANT  DATA  ANALYSIS.  The  tests  performed  during  the  preparation  of  this  report 
use  the  NORMAL  (Ref  para  2.4.1)  grounding  configuration  as  a baseline  for  comparison.  Changes  to  the 
NORMAL  configuration  (removal  of  shield  grounds,  etc.)  are  followed  with  new  signatures  and 
characteristics  to  show  the  effects  on  the  cable  plant  tested.  The  same  procedure  is  used  for  both 
TRIAX  and  COAX  baseband  interfaces. 

4.1  TRIAX  Cabl-^  Plant  Tests.  Appendix  B contains  sets  of  data  for  TRIAX  baseband  cable  lengths  of: 
25,  50,  75,  IOC,  200,  300,  400,  and  500  feet.  Study  of  this  data  provides  information  vital  to  the 

t design  and  installation  of  low  noise  baseband  cable  plants. 

4.1.1  Isolation  Antinodes.  (See  Figs  25.1,  50.1,  75.1,  100.1,  200.1  and  200.2,  300.1  and  300.2, 

400.1  and  400.2,  and  500.1)  The  isolation  antinode  is  a breakdown  in  cable  plant  isolation  caused  by 
resonance  of  the  inner  and  outer  TRIAX  cable  shields.  Antinodes  exist  within  the  baseband  frequency 
spectrum  of  each  cable  plant  tested.  The  frequencies  at  which  they  occur  is  a function  of  the 
combined  length  of  the  primary  and  alternate  cables.  For  cable  plants  less  than  100  feet,  only  the 
fundamental  antinodes  affect  the  cable  Isolation.  Third  and  fifth  harmonics  of  the  fundamental 
antinode  are  above  the  baseband  frequency  spectrum.  For  cable  lengths  of  100  feet  or  longe”,  a second 
and  then  third  antinode  appear  with  increasing  length.  Cable  plants  of  200  feet  or  longer  (with  50 
foot  alternate  cables)  suffer  isolation  degradation  of  24  to  35  dB  over  portions  of  the  baseband 
spectrum  while  cable  plants  of  100  feet  or  shorter  are  seen  to  lose  13  dB  or  less.  The  worst  case 
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degradation  due  to  antinodes  is  shown  in  Fig  300.2  where  the  second  antinode  (third  harmonic)  reduces 
the  cable  pair  isolation  to  g't-S  dB.  While  this  value  of  isolation  is  adequate  to  prevent  cable 
crosstalk,  it  falls  far  short  of  the  isolation  needed  to  effectively  combat  radio  frequency 
interference. 

4. 1.1.1  Radio  Frequency  Interference  and  Antinodes.  It  is  no  accident  that  RFI  and  the  antinodes  are 
seen  to  affect  the  same  portions  of  the  frequency  spectrum.  Looking  at  the  signature  of  Fig  25.1,  a 
broadcast  station  is  seen  at  1380  KHz  at  a level  of  -^9  dBm0  and  the  antinode  isolation  is  121  dB.  The 
measured  field  intensity  of  the  broadcast  station  is  73  dBuV/m.  At  610  kHz,  a station  is  seen  at  a 
level  of  -7**  dBm0.  The  measured  field  Intensity  of  this  second  station  is  8*4  dBuV/m.  The  RFI  seen  in 
the  frequency  signature  is  limited  by  the  isolation  of  the  transmit  cable.  The  single  cable  isolation 
is  roughly  (within  6 dB)  equal  to  one  half  of  the  pair  isolation  or,  at  1380  kHz,  60.5  dB.  By 
comparing  levels  and  field  intensities,  the  single  cable  isolation  of  the  baseband  cables  at  610  kHz 
can  be  estimated  at  96.5  dB  based  on  actual  performance.  Or,  the  pair  Isolation  at  610  kHz  is 
approximately  193  dB.  It  can  be  seen  by  this  example  that  a radical  difference  in  cable  plant 
Isolation  takes  place  in  that  portion  of  the  baseband  spectrum  affected  by  the  isolation  antinodes. 
Removal  of  isolation  antinodes  from  the  baseband  spectrum  is  needed  to  reduce  or  eliminate  RFI  in  the 
baseband  cable  plant.  When  this  is  not  possible  because  of  excessive  cable  lengths,  isolation 
antinode  shifting  techniques  may  be  utilized  to  move  the  antinode  to  a portion  of  the  baseband  where 
it  does  not  affect  mission  traffic. 

4. 1.1. 2 Shifting  Isolation  Antinodes.  There  are  a variety  of  techniques  that  can  be  employed  to 
shift  the  antinodes. 

4. 1.1. 2.1  Alternate  Cable  Removal.  Fig  25.8  shows  the  effects  of  removal  of  the  50  foot  alternate 
cables  from  the  multiplex  combining  panels.  Based  on  the  data  provided  in  para  4. 1.1.1,  the  per  cable 
isolation  at  1380  kHz  has  increased  to  87.5  dB.  The  actual  paired  isolation  is  in  the  vicinity  of  175 
dB.  The  fundamental  antinode  has  been  shifted  to  the  5 megacycle  region  leaving  behind  a smooth 
isolation  characteristic.  All  RFI  has  been  reduced  to  -73  dBm0  or  lower.  Antinode  shifting  has 
produced  an  ideal  baseband  Interface  with  a noise  contribution  well  below  the  multiplex  idle  channel 
noise  specified  for  any  3 kHz  slot  throughout  the  baseband.  A similar  improvement  in  the  performance 
of  a 50  foot  baseband  cable  plant  is  shown  in  Fig  50.8  where  again  the  alternate  50  foot  baseband 
cables  have  been  removed  from  the  combining  panel.  The  RFI  spike  located  at  1380  kHz  in  Fig  50.1  is 
reduced  by  5 dB  resulting  in  a single  tone  interference  level  of  -66  dBm0  from  one  broadcast  station 
while  all  other  RFI  levels  are  reduced  to  -73  dBm0  or  less.  Figs  75.1,  75.8,  75.9,  100.1  and  100.14 
show  the  improvements  obtained  by  alternate  cable  removal  from  75  and  100  feet  cable  plants. 

4. 1.1. 2. 2 Coaxial  Shorting.  A second  shifting  technique  that  is  easily  employed  where  needed  is 
coaxial  shorting  of  the  alternate  baseband  cable.  This  is  accomplished  by  shorting  the  inner  and 
outer  shield  braids  of  each  of  the  alternate  cables  together  at  the  wideband  patch  (or  radio  end)  of 
the  cables.  The  symmetry  of  the  braids  should  be  maintained  and  clamped  together  or  soldered.  A BNC 


connector  can  be  used  for  this  purpose  provided  its  shell  is  not  grounded.  Grounding  of  the  alternate 
cable  shields  will  result  in  a severe  loss  of  cable  plant  isolation  and  cause  increased  levels  of  PFI 
to  appear  in  the  transmit  cable.  Application  of  coaxial  shorts  to  the  alternate  cables  will  cause  the 
frequency  at  which  the  isolation  antinode  appears  in  the  baseband  spectrum  to  double.  Also,  the  2nd 
and  3rd  antinodes  appear  at  the  2nd  and  3rd  harmonics  of  the  first  antinode.  Looking  at  figure  100.1 
and  100.16  the  antinode  is  seen  to  shift  from  S^tO  kHz  to  1710  kHz  as  read  from  the  graphs.  While  this 
technique  can  be  very  effective,  it  must  be  used  only  in  conjunction  with  testing  that  provides 
frequency  signatures  and  isolation  characteristics  to  insure  that  no  ground  loop  noise  has  developed 
in  the  traffic  carrying  portion  of  the  baseband  spectrum.  Shorting  of  the  inner  and  outer  shields 
together  provides  a low  frequency  - direct  current  X-Y  connection  at  the  combining  panel.  This  will 
permit  ground  loop  currents  to  flow  on  the  inner  shield  of  the  TRIAX  cable  between  radio  and  multiplex 
grounds.  Should  a significant  difference  in  ground  potential  exist,  the  noise  generated  can  be 
quickly  identified  in  the  signature  and  an  alternative  method  of  shifting  used  to  obtain  the  desired 
improvement . 

■4. 1.1. 2. 3 Extended  Alternates.  Extend  the  length  of  the  alternate  cables  where  the  length  of  the 
primary  cables  and  existing  alternate  cables  result  in  an  isolation  antinode  falling  into  a traffic 
portion  of  the  baseband.  This  technique  is  seen  in  Figs  200.20  and  200.25  where  by  switching  from  50 
to  75  foot  alternate  cables  the  antinode  shifts  downward  in  frequency  from  570  kHz  to  510  kHz.  The 
result  is  a 6 dB  improvement  in  noise  performance  at  600  kHz.  Figs  500.58  and  500.59  show  35  foot 
alternate  cables  installed  for  use  as  coaxial  shorts.  The  results  are  that  all  RFI  is  reduced  to  less 
than  -70  dBm0  throughout  the  baseband.  This  is  remarkable  performance  for  a 500  foot  cable  plant. 
However,  that  such  performance  is  possible  should  not  be  considered  as  an  indorsement  for  long  cable 
plants.  The  ability  of  the  equipment  utilized  to  overcome  cable  plant  losses  must  be  considered; 
environmental  and  physical  protection  can  be  limiting  factors. 

9.1.2  Variations  from  HORMAL  Grounding.  Variations  From  NORMAL  grounding  in  TRIAX  cable  plants 
should  be  considered  as  plant  defects  unless  they  result  from  utilization  of  the  techniques  described 
above  for  antinode  shifting.  Tests  performed  on  TRIAX  cable  plants  have  shown  that  variation  from  the 
NORMAL  configuration  results  in  loss  of  cable  plant  isolation  and  generally  significantly  higher 
levels  of  RFI  and  noise.  The  effects  of  variations  on  a 25  foot  cable  plant  are  shown  in  Figs  25.2 
thru  25.17. 

9. 1.2.1  Removal  of  Cable  Shields  from  Ground  at  Combining  Panel  (C-P).  The  most  common  cause  of  RFI 
and  ground  loop  noise  encountered  in  TRIAX  cable  plants  is  failure  cf  the  installer  to  g-ound  tne 
outer  shields  of  the  REG  and  XMIT  cables  (primary  and  alternate)  to  the  equipment  grounds  within  the 
combining  panels.  The  results  are  clearly  shown  as  follows:' 

9. 1.2. 1.1  Isolation  Losses.  Fig  25.2  shows  the  isolation  losses  between  the  XMIT  and  REG  cable 
plants  for:  XMIT  shield  ungrounded  in  C-P;  REC  shield  ungrounded  in  C-P;  and  XMIT  and  REC 
(simultaneously)  ungrounded  in  C-P.  In  each  case,  major  losses  in  isolation  are  seen  when  compared 
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with  the  NORMAL,  (shields  grounded  in  C-P)  configuration. 


A.  1.2. 1.2  RFl  Increase.  Figs  25. 3 1 25.4,  and  25.5  show  the  frequency  signatures  for  the  three 
conditions  described  above.  While  loss  of  the  shield  ground  from  the  REC  cable  has  had  slight  effect 
on  the  signature  (when  compared  with  the  NORMAL  signature)  in  the  existing  RFI  environment,  the  loss 
in  isolation  will  permit  entrance  of  RFl  into  the  REC  cable  in  the  presence  of  exceptionally  strong 
broadcast  stations. 

4. 1.2. 1.3  Comparison  of  the  data  shown  in  Figs  25.9  thru  25.12  with  the  signature  and  characteristic 
of  the  25  foot  NORMAL  configured  plant  (Fig  25.8)  with  alternate  cables  removed  show  the  same  effects 
discussed  in  paragraphs  4. 1.2. 1.1  and  4. 1.2. 1.2:  variations  from  the  NORMAL  configuration  result  in 
isolation  loss  and  increased  susceptibility  to  RFl. 

4. 1.2.2  Special  Snielding  and  Grounding  Techniques. 

4. 1.2. 2.1  Fig  25.13  shows  the  application  of  a special  shielding  technique  suggested  for  baseband 
cables.  On  the  receive  cable,  the  outer  TRIAX  shield  is  ungrounded  at  the  radio  and  grounded  at  the 
C-P;  the  transmit  cable  outer  shield  is  ungrounded  at  the  C-P  and  grounded  at  the  radio.  Fig  25.14 
shows  the  reverse  of  this  technique.  This  shielding  technique  was  tested  for  a number  of  cable 
lengths  with  similar  results.  The  data  shows  that  this  technique  cannot  be  used  for  FDM-radio 
interfaces  currently  used  in  the  DCS.  Its  applicability  to  other  situations  was  not  investigated. 

4. 1.2. 2. 2 Fig  200.37  shows  another  method  of  snielding  and  grounding  the  TRIAX  cable  plant.  The  200 
foot  transmit  and  receive  cables  have  had  their  outer  shield  cut  into  five  segments  each  of  wnich  is 
grounded  at  one  end.  The  results  were  disastrous  in  terms  of  isolation  loss  and  increased  RFI. 
Again,  no  comments  can  be  made  as  to  the  usefulness  of  this  technique  in  other  applications;  however, 
it  is  evident  that  it  cannot  be  used  for  FDM  baseband  interfaces. 

4. 1.2. 2. 3 An  often  suggested  method  for  reduction  of  RFI  on  TRIAX  cable  plants  is  to  ground  the  outer 
shield  frequently  or  every  one  tenth  wavelength.  This  was  triad  for  both  200  foot  and  500  foot 
baseband  cable  plants.  Figs  200.16  thru  200.20  show  the  effect  of  adding  1,  3.  and  then  5 additional 
grounds  to  the  outer  shields  of  a 200  foot  cable  plant  which  was  otherwise  NORMAL  configured.  Figs 
500.20  thru  500.47  are  a similar  series  showing  the  effects  of  grounding  the  outer  shields  of  the  XMIT 
and  REC  cables  of  a 500  foot  plant  at  various  points  and  in  various  combinations.  What  is  seen  from 
this  data  is  that  numerous  grounds  (much  more  frequent  than  every  one  tenth  wavelength)  are  required 
to  achieve  a significant  reduction  in  RFI  and  that  random  application  of  grounds  may  Increase  the 
incidence  and  level  of  RFI  in  the  cable  plant.  It  is  clearly  evident  that  attaching  any  grounds  to 
the  outer  cable  shield  beyond  those  used  for  the  NORMAL  installation  should  be  avoided  at  operational 
facilities  unless  trained  test  personnel  and  test  equipment  are  present  to  determine  their  effect 
upon  the  cable  plant.  Generally,  multiple  grounding  of  the  cable  plants  outer  shields  is  impractical 
due  to  the  physical  placement  of  the  cables  within  conduits,  cable  troughs,  and  within  buildings. 
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Where  the  length  of  the  grounding  wires  is  equal  to  the  length  of  the  cable  shield  from  connecting 
point  to  a normal  ground  point,  little  is  accomplished  by  adding  an  extra  ground.  A final 
consideration  here  is  that  performance  equal  to  or  better  than  that  obtained  through  multiple 
grounding  is  more  easily  obtained  through  the  antinode  shifting  techniques  discussed  previously  (see 
Figs  F00.27  and  500.61). 

4. 1.2.6  Cable  Dampness.  Comparison  of  Figs  500.48  and  500.49  with  Figs  500.42  and  500.43  and  Figs 
500.4b  and  500.47  with  500.50  and  500.51  shows  the  effect  of  moisture  oh  TRIAX  cable  plants. 
Isolation  is  seen  to  degrade  and  RFl  to  increase  with  cable  dampness.  These  effects  were  seen  to 
exist  for  both  continuous  jackets  and  broken  jackets  (jacket  penetrations  for  connections  of  grounds 
to  TRIAX  outer  shields). 

4. 1.2. 5 Alternate  Cable  Shield  Grounding.  Grounding  of  the  alternate  cable  shields  has  a pronounced 
effect  on  the  performance  of  the  primary  cables.  Figs  500.40,  500.41,  500.54,  and  500.55  show 
increases  in  RFI  and  isolation  losses  which  take  place  when  the  outer  shields  of  the  alternate  XMIT 
and  REC  cables  are  grounded  at  the  wideband  patch.  Fig  500.2  shows  the  effects  on  primary  cable  plant 
isolation  for  the  following  conditions:  neither  XMIT  or  REC  outer  shield  is  grounded  in  the  combining 
panel;  REC  outer  shield  grounded  and  XMIT  outer  shield  ungrounded  in  combining  panel;  and  both  REC  and 
XMIT  shields  grounded  in  combining  panel.  The  losses  in  isolation  caused  by  the  outer  shields  not 
being  grounded  are  seen  to  be  severe  (8  to  35  dB). 

4. 1.2. 6 X-Y  Strapping.  Numerous  tests  for  X-Y  strapping  (connection  of  inner  and  outer  shields  of 
REC  and  XMIT  cables  to  ground  at  C-P)  were  performed  with  uniform  results.  Typical  examples  are  shown 
in  the  signature  series  500.9  thru  500.11.  X-Y  strapping  of  TRIAX  cable  causes  extreme  loss  of 
isolation  with  the  usual  attendant  increase  in  RFI.  Fig  500.15  shows  the  isolation  loss  (8  to  48  dB) 
of  a 500  foot  cable  plant  when  the  X-Y  strapping  is  applied  to  both  XMIT  and  REC  cable  shields  in  the 
C-P. 


4. 1.2. 7 Primary  Cable  Shield  Grounding  at  the  Radio.  A defect  often  found  in  TRIAX  cable  plants  is  a 
poor  outer  shield  connection  in  the  XMIT  or  REC  cable  BNC  connectors  at  the  radio  end  of  the  cable 
plant.  The  outer  and  inner  shields  must  be  securely  clamped  together  by  the  BNC  connector  otherwise 
the  cable  plant  will  suffer  acute  reduction  in  isolation.  Fig  500.16  depicts  these  lost  outer  shield 
(ungrounded)  effects. 

4. 1.2. 8 Combining  Panel  Hybrid.  Fig  500.14  is  important  in  that  it  shows  the  combining  panel  hybrid 
to  function  as  principally  a resistive  load  throughout  the  baseband  spectrum.  The  combining  panel 
hybrid  is  compared  here  with  a 75  ohm  load  to  determine  if  the  hybrid  introduces  reactive  influences 
on  the  cable  plant  isolation.  The  isolation  characteristic  is  found  to  remain  virtually  the  same  with 
either  hybrid  or  resistive  terminations  indicating  that  the  hybrid  provides  an  excellent  match  for 
the  75  ohm  transmission  lines  used  in  TRIAX  interfaces. 
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TABLE  I 


FIELD 

iriTENSITY  MEASURBIENTS  AT  RAF  CROUOnON,  OPEN  AREA 

FIELD 

INTENSITY  - dBiiV/m 

FREQUENCY 

LOCATION  # 1 

(kHz) 

0900  HRS  (1)  1300  HRS  (2) 

1530  HRS  (3) 

REMARKS 

18 

99 

60 

86 

94 

94 

Pulse  CW 

72 

92 

92 

tty 

110 

74 

MUX  Signalling 

130 

76 

150 

66 

68 

163 

80 

80 

82 

179 

78 

80 

200 

100 

102 

233 

72 

74 

247 

61 

260 

53 

379 

42 

Beacon 

400 

40 

Beacon 

443 

56 

CW  Code 

520 

39 

555 

41 

570 

56 

78 

61 

585 

38 

612 

56 

647 

108 

108 

107 

675 

54 

692 

71 

74 

69 

708 

48 

748 

56 

55 

56 

809 

37-27 

881 

63 

61 

63 

907 

80 

81 

79 

925 

43 

958 

47 

48 

980 

39 

1005 

54 

55 

54 

1030 

44 

1052 

75 

76 

75 

1090 

45 

1116 

45 

1151 

50 

1214 

78-58 

74 

73 

1335 

41 

1360 

47 

1459 

50 

1484 

62-59 

82 

61 

1530 

64 

40 

1546 

45 

1561 

77 

57 

1580 

73 

53 
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TABLE  I (page  2) 


FIELD  INTENSITY  - dBuV/m 

FREQUENCY 

LOCATION  #1 

REMARKS 

OcHz) 

0900  HRS  (1)  1300  HRS  (2) 

1530  HRS  (3) 

2050 

46 

Faded  Out 

2330 

32 

Ireland 

2500 

45 

33 

Time  Service 

2600 

37 

37 

Time  Service 

2850 

39 

3180 

37 

3200 

41 

3290 

61 

NOTES; 

1.  11  July  1977,  Weather  warm,  sunny. 

2.  12  July  1977,  Weather  cool,  partly  cloudy. 

3.  15  July  1977,  tteather  sunny  - partly  cloudy 

4.  Location  #1  is  8 feet  from  inside  fence  comer  east  of  radio  room,  bldg  32 

(southeast  of  bldg  43) . 


TABLE  II 


FIELD  INTENSITY  MEASUREMENTS  AT  RAF  UXBRIDGE,  TWO  OUTDOOR  LOCATIONS 


FIELD  INTENSITY  - dBpV/m 


FREQUENCY 

LOCATION 

LOCATICN 

(IcHz) 

#1 

#2 

REMARKS 

60 

84 

80 

Pulsed  Code 

72 

84 

79 

FSK 

118 

64 

66 

Signalling 

132 

78 

74 

FSK 

150 

67 

62 

Miisic 

163 

85 

80 

ORTF 

179 

81 

77 

Belgium 

200 

94 

90 

BBC- 2 

218 

61 

Radio 

233 

78 

73 

Radio 

260 

58 

52 

Radio 

275 

54 

48 

Beacon 

311 

48 

43 

Beacon 

322 

50 

45 

Beacon 

350 

44 

39 

Beaccm 

383 

46 

41 

Beacon 

479 

55 

Code 

555 

48 

46 

Music 

570 

53 

48 

Radio 

585 

44 

36 

Misic 

620 

58 

52 

cmF 

647 

94 

89 

BBC- 4 

675 

65 

60 

Music 

692 

75 

67 

Drama 

708 

56 

51 

Speech 

748 

70 

66 

fdisic 

809 

80 

76 

Speech 

881 

56 

51 

Drama 

907 

106 

101 

Drama 

925 

52 

49 

Misic 

958 

58 

53 

^)eech 

1005 

58 

56 

ORTF 

1030 

54 

52 

BBC 

1052 

72 

65 

BBC 

1080 

53 

52 

Music 

1151 

88 

85 

LBC 

1214 

95 

92 

BBC-1 

1370 

53 

44 

Speech 

1420 

41 

Misic 

1450 

75 

77 

Speech 

1480 

53 

42 

14usic 

1546 

86 

79 

Capitol  Radio 

1561 

65 

49 

Speech 

3300 

46 

43 

Carrier 
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•4.1.3  EJasebanJ  Sweeps  and  Loading  Measurements.  The  practice  of  making  baseband  sweeps  and  loading 
measurements  at  the  wideband  patch  bay  results  in  high  levels  of  RFl,  ground  loop  noise,  and  crosstalk 
being  injected  into  DCS  circuits.  Regardless  of  whethe,”  the  meters  used  are  balanced  or  unbalanced, 
they  cause  a radical  loss  in  isolation  when  connected  into  the  baseband  cable  plant  at  any  point  other 
than  at  the  radio  input  and  output.  Fig  50C.62  shows  the  signatu.-e  and  characteristic  for  a 500  foot 
NORMAL  configured  cable  plant.  Fig  500.63  depicts  the  signature  and  characteristic  for  the  same  cable 
plant  with  a BNC  "T"  connector  inserted  in  the  XMIT  cable  at  the  i.iput  to  the  radio  adder  module.  A 
H.F.  312A  FREOUENCy  SELECTIVE  VOLTMETER  (FSV)  set  for  unbalanced-bridged  operation  is  connected  into 
the  "T" . It  is  seen  that  the  connection  of  the  FSV  for  measurements  at  this  point  do  not  effect  the 
performance  of  the  cable  plant.  Figs  500.64  and  500.65  show  the  effects  of  making  balanced  and 
unbalanced  measurements  with  the  FSV  at  a simulated  wideband  patch  appearance.  Similar  results  were 
obtained  when  a 128A  FSV  was  bridged  into  the  baseband  cable  plant  at  Croughton,  U.K.  during  earlier 
testing  (see  Fig  200.42). 

4.2  COAX  Cable  Plant  Tests.  Appendix  C contains  data  for  COAX  baseband  cable  plants  with  lengths: 
25,  50,  75,  and  100  feet.  Also,  data  is  provided  on  a 3i  foot  HECO  double  shielded  COAX  cable  plant. 
The  value  of  this  data  rests  in  that  the  frequency  signature  and  isolation  characteristic  provide  a 
graphic  portrayal  of  COAX  baseband  cable  plant  performance.  What  is  particularly  striking  about  this 
data  is  that  while  the  majority  of  baseband  interfaces  throughout  the  DCS  are  COAX,  the  best 
performance  obtained  is  poor  when  compared  with  worst  case  NORMAL  TRIAX  installations. 

4.2.1  COAX  Cable  Plant  Isolation.  Fig  25.19  shows  the  isolation  characteristic  for  a 25  foot  NORMAL 
connected  COAX  baseband  cable  plant.  The  pair  isolation  is  seen  to  be  less  than  130  13  and  the  single 
cable  isolation  approximately  65  dB.  RFI  spikes  are  seen  to  breakthrough  the  isolation  throughout  the 
full  baseband  spectrum  (within  broadcast  band).  Figs  50.16,  75.17,  and  100.23  verify  even  worse 
isolation  performance  for  longer  length  cable  plants.  Looking  at  Fig  75.18,  the  COAX  cable  plant 
isolation  deteriorates  rapidly  because  the  X-Y  connections  have  been  removed  at  the  combining  panels. 
Altiiough  this  would  not  be  NORMAL  configuration  for  a COAX  cable  plant,  it  can  occur  as  an 
installation  error  and  go  undetected  if  only  supergroup  one  is  utilized.  In  Europe,  RFI  spikes  would 
be  seen  in  the  frequency  range  of  60  kHz  and  upw.ard  as  this  portion  of  the  spectrum  is  used  for 
broadcast  purposes.  Tables  I and  II  have  been  extracted  from  reference  1.2.3  to  show  the  RFI  environ- 
ment at  RAF  Croughton  and  RAF  Uxbridge,  England.  Study  of  these  tables  show  strong  sources  of  RFI 
distributed  throughout  the  full  baseband  spectrum  (60  to  2540  kHz)  at  those  locations. 

4.2.2  RFI  in  COAX  Cable  Plants.  Again  looking  at  Figs  25.19,  50.16,  75.17,  and  100.23,  high  levels 
of  RFI  are  seen  throughout  the  broadcast  band  portion  of  the  signatures.  Comparison  of  these  COAX 
cable  plant  signatures  with  equivalent  NORMAL  TRIAX  installations  illustrates  the  exceptionally  high 
performance  of  the  TRIAX  cable  plants.  Fig  25.19  shows  7 hits  (RFI  spikes  -60  dBraVl  or  higher)  on  the 
25  foot  COAX  plant;  Fig  25.1  shows  1 hit  on  the  NORMAL  TRIAX  plant;  and  Fig  25.8  shows  no  hits  taking 
place  on  the  antinode  shifted  NORMAL  TRIAX  plant  and  all  spikes  reduced  to  -74  dBm0  or  lets, 
100.23  shows  4 hits  on  a 100  foot  COAX  plant;  Fig  100.1  shows  no  hits  on  a NORMAL  TRIAX  plant  and  all 

19 


spikes  -61  or  lower;  Fig  100. 1^4  shows  no  hits  on  one  form  of  shifted  antinode  NORMAL  TRIAX  plant 
(maximum  spike  -65  dBm0);  and  no  hits  on  a second  form  of  shifted  antinode  NORMAL  TRIAX  plant  (maximum 
spike  -71  dBra0). 

4.2.3  Double  Shielded  COAX.  Fig  31.1  provides  a signature  and  characteristic  for  a 31  foot  NORMAL 
configured  double  shielded  COAX  cable  plant.  Its  RFI  performance  is  better  than  either  the  25  or  50 
foot  COAX  plants  as  only  one  hit  is  seen.  While  the  pair  isolation  is  less  than  that  of  the  25  foot 
plant,  the  isolation  of  the  XMIT  cable  is  several  dB  better  than  the  RFC  cable  isolation.  The  overall 
performance  of  the  double  shielded  COAX  plant  does  not  measure  up  to  that  of  the  25  foot  NORMAL  TRIAX 
plant  except  in  the  vicinity  of  the  TRIAX  plant  antinode.  With  a shift  of  the  antinode,  as  in  Fig 
25.8,  the  TRIAX  plant  is  found  to  be  significantly  better  in  RFI  rejection  than  the  double  shielded 
COAX  plant. 

4.3  Balanced  Baseband  Cable  Plants.  A valid  question  often  asked  of  the  author  is,  "Why  don't  we  use 
balanced  baseband  cables?"  The  answer  is  equally  valid;  the  radios  and  multiplex  equipment  are 
designed  for  unbalanced  operation.  To  convert  these  equipments  from  unbalanced  to  balanced  operation 
is  a major  task  and  there  is  no  assurance  at  all  that  any  improvement  in  performance  beyond  that 
currently  obtainable  with  TRIAX  cable  would  be  realized.  Field  tests  have  been  made  on  site 
fabricated  and  installed  balanced  cable  plants.  Their  best  performance  has  equalled  that  of  NORMAL 
TRIAX  installations  for  idle  channel  noise  in  loop  back  configurations;  however,  the  low  isolation 
(due  to  transformers  utilized)  the  balanced  plants  exhibit  make  them  vulnerable  to  crosstalk  under 
actual  loading  conditions.  The  Siemens  V60/V120  balanced  baseband  interface  is  often  cited  as  an 
example  of  a high  performance  balanced  cable  plant.  What  is  lost  sight  of  here  is  that  the  transmit 
and  receive  levels  of  this  equipment  are  set  at  +1.74  dBm.  This  choice  of  levels  automatically 
provides  a 30  dB  advantage  in  crosstalk  reduction  and  a 46.74  dB  advantage  over  RFI  induced  into  the 
cable  plant.  What  is  important  here  is  to  be  aware  that  the  performance  of  a TRIAX  cable  plant 
operating  at  the  lower  levels  of  -15  dBm  receive  and  -45  dBm  transmit  equals  or  betters  that  of  the 
Siemens  interface  regardless  of  its  level  advantages.  Exhibit  D contains  historical  information 
assembled  on  previous  testing  of  balanced  baseband  cable  plants  and  should  be  reviewed  for  a better 
appreciation  of  the  time  and  effort  that  has  been  expended  to  date  in  the  pursuit  of  a better 
performing  balanced  cable  plant.  The  question  is  not  whether  a balanced  cable  plant  capable  of 
providing  high  performance  can  be  designed,  but  rather;  Why  is  it  needed  for  FDM-radio  interfaces 
when  existing  TRIAX  cable  plants  are  able  to  support  this  requirement? 

5.0  BASEBAND  CABLES  AND  SYSTEM  NOISE.  Modern  FDM-radio  systems  such  as  those  installed  in  Europe 
under  the  Scope  Communications  Program  and  the  Augsburg  Upgrade  Program  have  provided  the  DCS  with 
links  capable  of  excellent  and  highly  stable  noise  performance  when  NORMAL  TRIAX  baseband  interfaces 
are  utilized.  Large  variations  in  idle  channel  noise  due  to  crosstalk  from  increased  system  loading 
are  eliminated  by  the  high  isolation  characteristics  of  the  TRIAX  cable  plants.  Fully  quieted 
receivers  result  from  high  RSLs;  the  multiplex  equipment  is  designed  for  low  noise  and  long  term 
stability.  The  outcome  of  this  is  that  those  facilities  that  have  TRIAX  cable  plants  installed  in  the 
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TABLE  III 


THIRTY  DAY  LINK  IDLE  CHANNEL  NOISE  DATA  FOR 
COMPARISON  OF  NOISE  PERFORMANCE  ON  SELECTED 
LINKS  BEFORE  AND  AFTER  TRIAX  CABLE  PLANTS 
WERE  INSTALLED  IN  THE  NORMAL  CONFIGURATION 


LANGERKOPF  TO  MUHL  (GERMANY) 


BEFORE 

FEB  igy'i 

JUL  1974 

AFTER 

FEB  1977 

(NORMAL) 

JUL  1977 

64 

66 

(dP-na) 

(3  kHz  Flat) 

69 

70 

61 

65 

69 

69 

64 

65 

68 

69 

66 

64 

68 

70 

65 

65 

68 

69 

66 

66 

68 

70 

66 

66 

69 

70 

64 

67 

69 

69 

67 

65 

69 

68 

68 

67 

69 

68 

68 

64 

68 

69 

67 

65 

69 

70 

68 

65 

70 

70 

68 

65 

70 

69 

67 

66 

65 

69 

64 

67 

70 

69 

63 

67 

69 

69 

61 

68 

69 

70 

68 

68 

69 

70 

68 

67 

69 

70 

68 

67 

69 

69 

64 

69 

69 

69 

66 

67 

68 

69 

63 

68 

69 

69 

67 

68 

69 

70 

68 

69 

69 

69 

67 

68 

69 

69 

67 

69 

69 

70 

67 

69 

68 

70 

68 

66 

68 

69 

65.8 

66.6 

(30  day  average) 

68.7 

69.3 
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TABLE  lU  (Page  2) 


I 


LANGEHKOPF  TO  BANN  (GERMANY) 


(dBmi)) 

1975  (3  KHz  Flat'  1977  NORMAL 

J'U.l  J'jI.1 

6fa  '37 

6j  6fc 

oO  69 

63  69 

66  69 

68  70 

68  68 

67  69 

57  68 

68  69 

6u  66 

65  69 

65  67 

53  66 

61  68 

63  69 

67  59 

67  69 

65  69 

65  68 

66  68 

68  68 

63  67 

65  69 

66  67 

63  67 

61  68 

63  70 

67  58 

67  68 

65  (30  day  average)  68.2 


NOTE:  While  the  performance  of  these  cable  plants  is  seen  to  have  increased 
by  3 dB,  what  is  particularly  significant  is  that  the  NORMAL  configured  base- 
band cable  plants  show  stable  day-to-day  noise  levels  equivalent  to  the  looped 
multiplex  specification  of  -68.7  dBm0. 
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NORMAL  ■J.'nrigiiratlon  are  reporting  e^O'^ptional  idle  channel  noise  perforoiance  through  their  LIok 
Perfornianoe  Assessment  (LPA)  data  submissions.  Thirty  day  average.s  for  two  of  these  links  are  shown 
in  Table  Ilf.  Wi  lie  these  links  demonstrate  what  Is  possible,  they  are  in  no  way  typical  of  a large 
percentage  of  DCS  links.  Noise  in  baseband  cable  plants  is  the  primary  limiting  factor  for  many  of 
these.  Every  FDM  baseband  cable  plant  appearance  throughout  the  DCS  provide.a  a potential  ent'-y  point 
for  RFI.  Every  facility  with  a broadcast  station  in  its  vicinity  has  10  kHz  of  its  baseband  spectrum 
subject  to  noise  introduction.  This  noise  is  usually  observed  at  the  distant  site  rather  than  at  tne 
facility  where  it  is  introduced.  Because  of  the  broad  coverage  of  most  AM  radio  stations,  efforts  to 
identify  the  point  of  entrance  of  RFI  into  the  system  are  frustrated.  Often  the  receiving  station  is 
identified  as  the  point  of  entrance  because  of  the  high  levels  of  RFI  from  the  broadcast  station 
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measured  in  the  vicinity  of  the  receiving  site  while  the  real  culprit,  the  transmitting  facility,  goes 
undetected.  With  the  new  techniques  for  baseband  cable  plant  evaluation  described  in  this  report,  it 
is  possible  to  systematically  isolate  .and  identify  the  entrance  points  of  RFI  into  the  DCS.  The.o.  the 
cable  plant,  if  TRIAX,  can  be  NORMAL  configured  and  antinode  corrected,  if  required.  COAX  cable 
plants  can  be  replaced  With  TRIAX  where  the  output/input  hybrids  of  the  multiplex  can  be  isolated  frrm 
ground.  In  short,  effective  means  are  now  available  to  minl.Bize  the  effects  of  ot  c /fi-letely 
eliminate  RFI  from  the  DCS  and  greatly  reduce  the  idle  chann®''  noise  distributed  throughout  its 
systems . 

6.  CHANNEL  ECONOMICS.  Although  improvement  in  the  performance  of  the  DCS  is  usually  sufficient  to 
justify  system  noise  reduction  efforts,  good  engineering  practices  dictate  that  economics  and 
conservation  of  resources  must  also  be  a consideration.  A recent  DCA  study  has  placed  a dollar  and 
cents  value  on  communication  channels  that  indicates  that  improvement  of  baseband  cable^iplants  can  be 
cost  effective.  Recognizing  that  the  majority  of  wideband  terminal  facilities  have  one  or  more 
channels  logged  out  due  to  RFI  and  many  others  degraded  to  the  point  where  only  selective  utilization 
is  possible,  channel  cost  needs  to  be  compared  with  the  cost  of  returning  lost  channels  to  service.  ' 

Channel  cost  averaged  out  for  acquisition,  installation,  and  maintenance  per  month  per  mile  is  cited 
as  follows: 

DCS  COST  PER  CHANNEL 

Minimum:  $229  + $1.39/raile 

Maximum:  $7. 38/mile 

LEASED  COST  PER  CHANNEL 

Minimum:  $19. 60/mile 

Maximum:  $835  + $21. 98/mile 

Using  these  cost  figures  the  channel  costs  between  two  DCS  facilities  range  as  follows: 
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Martlesham  Heath,  U.K.  to  Langerkopf,  Germany 
(522  miles) 


i 


DCS 

CHANNEL  COST 
PER  MONTH 


Minimum:  $955 
Maximum:  $3850 


LEASED 
CHANNEL  COST 
PER  MONTH 


Minimum:  $7620 
Maximum:  $12,300 


Croughton,  U.K.  to  Uxbridge,  U.K. 
(46  miles) 


DCS 

CHANNEL  COST 
PER  MONTH 


Minimum:  $292 
Maximum:  $339 


LEASED 
CHANNEL  COST 
PER  MONTH 


Minimum:  $671 
Maximum:  $1846 


These  costs  are  averaged  over  active  and  spare  channels;  therefore,  cost  per  channel  increases 
proportionately  for  logged  out  channels.  While  the  basics  of  these  cost  computations  may  not  find 
universal  agreement,  it  is  readily  apparent  that  a reasonable  expenditure  of  funds  per  site  ($800  to 
$3000)  that  results  in  returning  one  or  more  channels  to  service  is  supportable.  A team  composed  of 
one  electronic  engineer  and  one  electronic  technician  should  be  sufficient  for  the  correction  of 
those  facilities  where  TRIAX  cable  plants  are  presently  installed.  For  those  facilities  where  COAX 
cable  plants  are  to  be  replaced  by  TRIAX  cable  plants,  two  additional  installation  technicians  will  be 
required.  Average  tine  to  correct  a facility  is  estimated  at  three  days. 


7.0  SUMMARY.  This  report  provides  an  in-depth  discussion  of  the  noise  problems  that  are  encountered 
in  existing  DCS  FDM  baseband  cable  plants.  The  causes  of  these  problems  are  cited;  test  procedures  to 
isolate  and  identify  specific  deficiencies  are  provided.  Corrective  techniques  and  their  application 
for  the  reduction  of  noise  within  existing  facilities  are  described.  Often  quoted  (out  unsuccessful 
in  practice)  methods  for  reducing  RFI  in  TRIAX  cable  plants  are  discussed  in  terms  of  test  results. 
System  degrading  measurement  methods  used  to  accomplish  baseband  sweeps  and  read  baseband  loading  are 
disclosed.  And  finally,  the  economics  of  recovery  of  logged  out  communications  channels  is  treated. 
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8.0  CONCLUSIONS. 


8.1  Analysis  of  the  baseband  cable  plant  test  data  discussed  in  this  report  leads  to  the  following 
conclusions: 

8.1.1  Existing  FDM  baseband  cable  plants  can  be  major  entry  ports  to  the  DCS  for  RFl  and  noise 
because: 

8. 1.1.1  COAX  baseband  cable  plants  do  not  have  sufficient  isolation  to  effectively  reduce  RFI  induced 
into  their  XMIT  and  REC  cables. 

8. 1.1. 2 COAX  baseband  cable  plants  are  subject  to  high  levels  of  crosstalk  and  ground  loop  noise. 

8. 1.1. 3 TRIAX  cable  plants  are  not  presently  engineered  to  provide  optimum  performance. 

8.1.1.**  Measurements  made  at  the  wideband  patch  monitor  jacks  for  the  XMIT  and  REC  baseband  cables 
are  disruptive  to  the  DCS:  The  NORMAL  grounding  configuration  is  altered  causing  high  levels  of  RFI, 
crosstalk,  and  ground  loop  noise  in  the  cables. 

8.1.2  Use  of  NORMAL  grounding  and  isolation  antinode  shifting  techniques  in  TRIAX  FDM  baseband  cable 
plants  significantly  reduces  or  eliminates  RFI,  ground  loop  noise,  and  crosstalk  in  the  XMIT  and  REC 
cables. 

8.1.3  Characterization  of  FDM  baseband  cable  plants  in  terms  of  their  frequency  signature  and 
isolation  characteristic  provide: 

8. 1.3.1  Immediate  display  of  cable  plant  performance  for  evaluation  and  troubleshooting. 

8. 1.3. 2 Baseline  data  for  system  noise  assessment  and  isolation. 

8. 1.3. 3 Baseline  data  for  control  and  routine  verification  of  cable  plant  integrity. 

8.1.14  Baseband  cable  installation  and  test  personnel  require  special  training  to  insure  that 
baseband  cable  plants  are  installed  correctly  and  providing  optimum  performance. 

9.0  RECOMMENDATIONS . The  following  recommendations  are  provided  with  the  Intention  of  improving  the 
operational  performance  of  the  DCS  wideband  radio  systems  and  placing  many  logged  out  due-to-RFI 
channels  in  service: 

9.1  Identification  of  RFI  Channels.  It  is  recommended  that  each  service  identify  those  wideband 
facilities  under  its  control  that  currently  have  one  or  more  channels  logged  out  because  of  RFI  or 
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excessive  circuit  noise.  The  types  of  .uu’.tlplex  and  radio  equipnenl  affected  should  be  determined  and 
priorities  assigned  for  coirective  action. 
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9--  Training . E.ich  service  should  tram  and  dedicate  a limited  .number  c'  dedicated  team-  .''or 
baseband  cable  testing  and  correction. 

9.3  Evaluation . Evaluation  of  each  facility  should  proceed  based  on  the  pri.c  ities  assigned. 
Frequency  signatures  and  isolation  characteristics  are  taken  and  required  methods  jf  correct'on 
identified. 

9.9  Correction . Where  only  minor  changes  to  the  cable  plants  are  required,  the  test  te  im  trained 
above  (paragraph  9.2)  can  accomplish  the  task.  More  complex  changes  (COA/.  to  TRIAX  conversion?;  may 
require  assistance  from  local  maintenance  personnel  or  E&I  personnel. 

9.5  Characterisat ion . As  a final  step  in  correction  of  the  baseband  cable  plants  at  each  facility, 
the  cable  plants  should  be  characterized  in  terms  of  their  frequency  signatures  and  isolation 
characteristics.  This  uill  establish  a permanent  baseline  for  the  performance  of  each  cable  plant. 

9-6  Performance  Verification.  The  final  step  in  this  effort  is  performance  verification.  While  the 
corrected  cable  plants  snould  provide  stable  performance  indefinitely,  mechanical  and  environmental 
damage  may  occur  without  warning.  Dampness  in  the  cable  plant  may  increase  RFI  and  noise  levels;  loss 
of  a shield  from  a connector  can  degrade  performance.  Therefore,  a planned  program  for  testing 
baseband  cable  plants  at  fixed  intervals  should  be  established. 

9.7  Cable  Plant  Configuration  Changes.  Appearance  of  the  primary  and  alternate  baseband  cables  at 
the  wideband  patch  bay  results  in  isolation  lessee  (and  therefore  degraded  performance),  transmission 
level  losses,  and  lower  system  reliability.  Removal  of  primary  and  alternate  cables  from  the  wideband 
paton  bays  will:  reduce  the  lengths  of  baseband  cables  (by  100  feet  or  more  at  facilities  such  as 
Feldberg,  Germany);  eliminate  six  or  more  TRIAX  connectors  and  looping  plugs  from  each  XMIT  and  REC 
cable  plant;  simplify  cable  installation  and  troubleshooting  (.only  one  8NC  connector  In  each  cable 
plant);  reduce  baseband  frequency  slope  due  to  cable  losses;  and  provide  optimum  RFI  and  noise 
rejection  through  increased  isolation.  As  the  alternate  cable  plant  is  not  required,  connections  to 
the  alternate  cable  terminals  in  the  combining  panel  should  be  made  only  for  the  purpose  of  isolation 
antinode  shifting  and  then  only  under  carefully  controlled  test  conditions.  Therefore,  it  is 
recommended  that  baseband  cable  plants  be  routed  directly  from  the  multiplex  combining  panels  to  the 
companion  radio  and  alternate  cables  be  disconnected  from  the  combining  panels  unless  needed  for 
antinode  shifting. 

9.8  Baseband  Sweeps  and  Loading  Measurements.  Finally,  it  is  recommended  that  baseband  sweeps  and 
loading  measurements  on  TRIAX  baseband  cable  plants  be  made  at  the  input/output  terminals  of  the  radio 
using  a "T"  connector . While  this  will  require  changes  in  tech  control  procedures  at  roost  facilities, 
there  is  no  alternative  as  measurements  made  at  the  wideband  patch  monitor  jacks  cause  high  levels  of 
noise  in  the  cable  plant  that  is  transmitted  into  the  system. 
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FIELD  INTENSITY  OF  BROADCAST  STATIONS 
MEASURED  IN  THE  VICINITY  OF  THE  PROTOTYPE 
TEST  FACILITY  AT  HIOHARDS-GEbAUR  AFB  MT'. 


Field  Intensity  'dBuV'm.J 
8m.  5 
85 
83 
82 
71 
73 

66.5 

60 

• dBuV/m.  is  read  as  decibels  above  one  microvolt  per  meter. 

NOTE:  The  above  information  has  been  extracted  from  AFCS  1839  E-I  Group  Peport  - 
FMEA-77-16  Radio  F.-equency  Survey  of  the  A.M  Radio  Band  at  the  Test  Facility, 
Bldg  1700,  Richards-Gebaur  AFB  MO. 
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Frequency  (kHz) 
610 
710 
810 
970 
1190 
1380 
1510 
1590 
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FORWARD 


Ihe  cutover  to  traffic  of  the  Scope  Communications  Program 
HULDCDON  NORTO  portion  of  Task  21,  Eiigland,  In  December  1975  gener- 
ated a concerted  engineering  effort  by  APCS/EPZ  to  establish  methods 
of  testing  auxi  correcting  defective  baseband  cable  plamts.  Prom  the 
moment  the  system  was  cut  to  traffic.  It  was  plagued  with  excessive 
noise,  cross  talk  and  RPI  over  large  portions  of  the  baseband  spec- 
trum, Efforts  by  the  Government  contractor  to  correct  this  situation 
yielded  little  Improvement,  Hie  contractor  was  able  to  identify  the 
basic  problem  with  the  system  as  poor  Isolation  In  the  baseband  cable 
plants.  He  contended  that  the  baseband  cadiles,  Governnent  Furnished 
Equipment  material,  lacked  sufficient  Isolation  to  meet  the  require- 
ment, that  It  was  defective.  The  responsibility  for  refuting  this 
claim  then  became  a task  for  AFCS/EPZ  as  part  of  their  AFLC  contract 
support  function.  Concurrent  with  this  w*is  the  immediate  need  to  pro- 
vide substitute  baseband  cable  plants  in  order  to  meet  opemtional 
requirements. 

It  was  decided  that  the  APCS/EPZ  effort  would  progress  throvigh 
three  stages;  First,  determine  why  the  contractor  installed  inter- 
faces did  not  perform  properly.  Second,  promptly  re-engineer  the 
contractor  interfacbs  for  interim  use.  And  third,  replace  the  re- 
engineered interfaces  with  environmentally  protected,  high  perforrrance 
basebeind  cable  plants.  This  was  an  ambitious  but  necessary  effort  to 
undertake.  Time  was  of  the  essence,  engineering  and  technical  support 
extremely  limited,  eind  baseband  cable  plrint  testing  and  evaluation 
techniques  unknown.  The  2150th  Comm  Group  was  called  upon  to  assist 
APCS/EPZ  personnel  in  conducting  baseband  investigations  at  Hilling- 
don, Engleind.  This  was  the  beginning  of  an  Air  Force  team  effort  thAt 
has  extended  over  many  months  filled  with  accomplishments,  frustra- 
tions and  finally,  success.  It  is  with  this  total  effort  frosh  In 
mind  that  the  following  information,  guidance  and  admonishments  aro 
presented  to  those  persons  faced  with  the  task  of  design,  installation, 
testing  and  trouble  shooting  of  wideband  radio/multiplex  baseband  cable 
plants. 


Prank  La  Dleu 
Electronic  Engineer 


A-2 


PURPOSE 


IMS  document  has  been  prepared  for  use  by  those  engineers 
and  technicians  confronted  with  the  task  of  interfacing  multi- 
plex equipment  with  radio  equipment.  That  some  form  of  cabling 
is  required  Is  evident  to  all  but  Information  as  to  what  type 
of  cable  and  how  to  go  about  Installing  It  Is  sadly  lacking. 
Further,  no  adequate  test  proccdui^s  are  available  to  assess 
the  necesstu'y  technical  characteristics  of  basebemd  cable 
plants  at  the  time  of  installation  eind  later  on  a llnk/sub- 
system  basis. 

The  information  presented  herein  has  been  collected  over  a 
two  year  period.  It  represents  the  composite  contributions  of 
hundreds  of  APCS  technical  personnel  distributed  throughout  the 
United  Kingdom,  Belgium  and  Germany  aind  was  made  possible  through 
the  support  provided  by  DCA  Europe.  It  is  believed  that  a 
sincere  effort  on  the  part  of  the  baiseband  cable  plant  designer/ 
installer  to  understand  and  adhere  to  the  principles  provided 
below  will  result  in  cable  plaints  capable  of  providing  the  high 
performance  required  in  today's  wideband  microwave  systems. 


THE  BASEBAND  CABLE  PLANT 


.•1  The  Baseband  Cable 


.•2  The  Scope  Corara  Baseband  Cable 

.,5  The  Baseband  Interface 

..4  The  Baseband  Cable  Plant 


CABLE  PLANT  THEORY 
!.l  miAX  and  COAX  Cables 

!.2  Cable  Crosstalk  and  Isolation 

!,5  Cable  Plant  Testing 

Determining  Plant  Isolation  Requirements 
!,5  Frequency  Dependence  of  Crosstalk  and  Isolation 
1,6  Crosstalk  and  Idle  Channel  Noise 

i.  SYSTEM  TESTING  AND  EVALUATION 

j 

I jj.l  System  Testing 

5,2  Data  Evaluation 

^ 4.  INITIAL  INSTALUTION 

BASEBAND  BRIDGES 

ENVTROrMENTAL  PROTECTION 

7.  BASEBAND  CABLE  PLANT  PSYCHOLOGY  AND  TOOUBLE  SHOOTING 

8.  CONCLUSION 
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1.1  Tho  Baseband  Cables 

Baseband  cables  are  used  to  Inter-connect  the  output/input 
Jacks  of  our  multiplex  equipment  to  the  input/output  (transmit/ 
receive)  Jacks  of  the  vfldeband  microwave  radio.  These  cables  may 
be  routed  directly  from  multiplex  equipment  to  the  radio  or  may  be 
TOuted  through  a wideband  patch  bay  for  the  purpose  of  adding  flexi- 
bility in  patching  of  complete  basebands  to  altermte  radios  should 
the  requirement  ever  exist.  Both  routings  will  be  discussed  at 
length  later  but  it  is  well  to  emphasize  at  this  point  that  simpli- 
city in  baseband  cable  routing  can  minimize  the  number  of  connectors 
required  between  equipments,  and  thereby,  eliminate  a common  source 
of  system  outages. 

The  type  of  cjible  chosen  for  fabrication  of  the  baseband 
cables  is  extremely  important.  Pactora  that  must  be  consider^  in 
its  selection  are  as  follows: 

a.  Balanced  or  unbalanced  cable.  'Ihis  decision  is  usiuilly 
predetermined  by  the  equipments  to  be  interconnected.  Both  the 
Philco  Ford  IjC-4/8  radio  series  and  the  Collin's  AHArRC-150  radios 
have  been  designed  for  use  with  unbalanced  75  ohm  coaxil  cable  In- 
put/output terminated  In  BNC  connectors.  The  AHAjcC-4  multiplex 
equipment  is  also  designed  for  use  with  unbalimced  75  ohm  cables 
which  terminate  in  the  multiplex  combining  panels  on  solder  lugs. 
Where  Siemens  multiplex  is  required  to  be  Interfaced  with  LC-4/R 
radios,  Siemens  has  provided  Interface  equipment  to  convert  their 
equipments  balanced  basebaivi  interface  to  an  uiibalanced  75  oho 
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coi\flguratlon.  It  l8  nooessary  to  solder  the  baseband  cable  to 
terminal  lugs  provided  on  the  matching  transformers  Installed  In 
the  multiplex  equipment, 

b.  Cable  shielding.  The  cables  Interconnecting  the  radio  ' 

and  multiplex  equipment  must  perform  the  following  functions  as  a 

minimum  requirement : ' 

(1)  Prevent  ground  loop  currents  from  being  introduced  | 

Into  the  signal  path,  j 

(2)  Provide  adequate  baseband  frequency  isolation  between  | 

each  other  as  well  as  isolation  from  other  cables  in  their  vicinity.  1 

(3)  Isolate  the  baseband  cables  from  broadcast  radio  slg-  I 

nals  and  other  forms  of  airborne  RFI, 

(4)  Deliver  the  baseband  information  between  i?adio  and 
multiplex  with  a minimum  of  loss  and  slope, 

c.  Installation.  The  cable  selected  for  the  basebamd  must 
be  of  a size  and  flexibility  that  permit  ease  of  Installation.  Due 
to  space  considerations  within  the  wideband  patch  bays,  module  Jack 
sizes  and  cable  bundling,  it  is  t^uired  that  the  cable  size  be 
restricted  to  l/4  Inch  diameter  or  less.  Connectors  must  be 
readily  available  and  in  such  variety  for  the  cable  selected  that 
all  termination  needs  can? be  met.  The  cable  itself  must  be  reeison- 
ably  strong  and  crush  resistant  so  that  the  performance  of  the 
cable  is  not  overly  dependent  on  handling  and  variations  of  lacing. 

Often  it  Is  necessary  to  pull  the  basebar*!  cables  along  with  other 
tyires  of  cables  through  long  runs  of  conduit  where  exposure  to  the 
elements  aixl  protection  from  mechanical  damage  Is  essential. 
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Again,  thlo  requires  that  the  basobaiid  cables  eelected  must  be  j 

able  to  vrlthstand  a reasonable  asiount  of  punishment  and  still  ! 

perform  properly.  j 

All  of  the  foregoing  Is  brought  out  to  drive  home  the  point  j 

that  selection  of  baseband  cable  cannot  be  approached  In  a whlmsl-  | 

cal  manner.  If  a thorough  consideration  of  all  the  requirements 
that  the  baseband  cables  must  meet  does  not  go  Into  the  cable 
selection,  the  odds  are  that  the  baseband  cable  vflll  become  a per- 
formance limiting  element  naking  it  impossible  to  meet  link  and 
system  standards  for  noise  and  crosstalk, 

1,2  The  Scope  Comm  Beiseband  Cable 

Logically  the  question  should  be  aisked,  "What  kind  of  cable 
Is  available  to  meet  all  of  the  needs  discussed  above?"  Tlie  answer 
Is  that  there  may  be  a number  of  types  of  cable  available  to  do  the 
Job  with  but  the  one  type  utilized  and  thoroughly  tested  throughout 
numeiK>us  Scope  Cotran  facilities  is  the  TROMPEIEH  1510-75  trlax  cable; 

FS2T  6i45  2551480.  When  properly  installed,  this  cable  will  provide 
outstanding  pei?formance  in  all  necessary  areas. 

Now  that  a cable  capable  of  meeting  our  needs  has  been 
Identified,  another  question  should  be  put  forward  and  that  is, 

"If  the  TRC-Y5  cable  is  used  for  Interconnecting  the  radio  and 
multiplex,  with  the  cable  shields  properly  utilized  (which  will 
be  explained  later)  and  the  connectors  Installed  correctly,  can 
we  be  sure  of  proper  baseband  cable  operation?"  Unfortunately, 
the  answer  is  "No",  We  have  not  discussed  the  baseband  interface 
yet  and  therein  rests  the  next  problem  area. 
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i The  Dariehand  Interface 

The  baseband  interface  la  that  portion  of  the  radio/multiplex 
Input/output  circuitry  extending  from  the  input/output  Jacks  to  the  j 

first  stage  of  active  signal  processing  in  either  of  these  equip- 
ments, On  some  equipments.  Jacks  are  replaced  by  teminal  lugs,  • 

Pour  distinct  forms  of  basebaund  interfaces  arei 

a,  IX:-4/8  Radio,  The  baseband  interface  for  these  radios 
consists  of  BNC  Jacks,  a bandpass  fl Iter  network  and  a resistive 
padding  network  providing  certain  level  adjustments  for  baseband 
signal  levels  applied  to  the  radio.  None  of  these  components  have 
been  found  to  effect  baseband  cable  performance, 

b,  AH/TRC-I50  Radio,  Again,  the  normal  Input/output  Jacks 
for  this  I'adio  are  Bl^C,  Like  the  LC  series  above,  this  radio  is 
designed  for  a 75  ohm  single  ended  grounded  baseband  cable  plant. 

No  internal  adjustments  have  been  found  to  affect  baseband  cable 
perfomance, 

c,  AN/UCC-4  Multiplex,  ihe  Baseband  Combining  Peinel  serves 
as  the  basei.>and  cable  interface  for  tMs  multiplex  equipment.  The 
Combining  panel  provides  for  termination  of  two  sets  of  baseband 
cables  (primary  and  alternate)  on  solder  lugs  in  the  rear  of  the 
panel.  On  the  front  of  this  panel  a looping  plug  is  provided  to 
facilitate  rapid  changeover  from  primary  to  alternate  cables 
should  the  need  arise.  The  looping  plugs  connect  the  basebanl 
cables  throug}i  a strapable  pad  to  the  output  of  a sii^le  endod- 
floating  transformer.  Provisions  have  been  made  in  the  forn  of 

on  X-y  PtrflppJrig  option  to  porr’’jt  opci’uting  this  tram.r'''»'n'er 
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output/input  as  either  single  eroded-floating  or  single  ended- 
grouroded,  Palluro  to  utilize  this  option  properly  has  resulted 
in  severe  ground  loopiirg  aivi  orosstaik  problems  at  several  loca- 
tions. 

d.  Siemens  FU60/l20  15ultiplex.  This  equipment  requires 
special  interface  components  as  follows: 

(1)  An  attenuator  pad  to  drop  the  baseband  output  of 
the  Siemens  multiplex  from  a -15  dbro  transmit  level  to  a -^5  dbsi 
level, 

(2)  A pair  of  transfonners  to  impedance  match  the 
normal  150  ohm  basebemd  output/input  cabling  to  the  75  ohm  triax 
cable  used  for  interface  with  LC-4/8  radios.  Siemens  part  number 
for  each  transformer  is  Rel  15  C 485, 

1.4  The  Baseband  Cable  Plant. 

For  the  purpose  of  clarity  during  baseband  discussions,  it  is 
important  that  we  define  the  baseband  cable  plant  as  the  baseband 
cable  complete  with  its  multiplex  and  radio  interfaces.  Discourse 
on  testing  methods,  test  data  and  trouble  shooting  can  only  be 
meaningful  when  we  know  exactly  what  portion  or  ptirt  of  the  base- 
band cable  plant  is  being  discussed  therefore  it  1ms  been  necessary 
to  break  the  cable  plant  Into  its  specific  components,  the  multi- 
plex Interface,  the  radio  interface  and  the  baseband  cable.  With 
nomenclature  and  definitions  out  of  the  way,  wo  are  i^eady  to  con- 
sider the  fine  points  of  the  various  types  of  baseband  c£ible 
plants  utilized  in  the  Scope  Comm  system.  Drawings  are  provided 
to  Illustrate  concepts  and  ar*j  not  Intended  to  substitute  for  the 


thorough  study  each  Individual,  baseband  Interface  requires. 

Romeraber  this,  the  majority  of  baseband  cable  plant  problerrjs 
Investigated  by  tills  office  have  resolved  down  to  the  baseband 
Interfaces  not  being  wired  or  configured  as  thought.  If  the 
Interfaces  are  correct  and  the  baseb^u^d  cable  pre  ,erly  Installed, 
the  baseband  cable  plamt  will  do  Its  Intended  Job  indefinitely 
barring  mechanical  dai.ieige  to  it.  With  the  equipments  discussed 
herein,  the  baseband  cable  plants  are  simple  and  straight  forward 
in  concept.  If  the  designer/installer  has  complied  with  the  proce- 
dures set  forth  in  this  paper  and  proper  performauice  is  not 
obtained,  the  cable  plant  must  be  inspected  carefully  to  determine 
and  correct  the  installation  flaw.  It  may  be  something  simple  in 
nature  such  as  a defective  connector  or  be  something  more  difficult 
to  locate  such  as  an  unintentional  grounding  of  the  outer  cable 
shield  while  passing  through  a shelter  bulkhead.  These  types  of 
defects  can  be  extremely  time  consuming  and  frustrating, 

2.  CABLE  PLANT  T^IEORY 

2.1  TRIAX  and  COAX  Cable 

Under  the  section  on  baseband  cables  we  discussed  various  fac- 
tors tliat  had  to  be  considered  when  determining  what  type  of  base- 
band  cable  to  utilize  in  the  baseband  cable  plcint.  A clear  under- 
standing of  why  a TTilAX  type  cable  perfonns  better  in  certain 
ceises  than  a COAX  cable  is  needed  by  the  designer/troubleshooter, 

A pair  of  diagrams.  Fig  la  and  2a,  ai’e  provided  for  this  purpose. 
These  two  dlogi’nms  are  of  such  lmj)ortanoe  that  they  should  be 
committed  to  memoi'y.  They  vflll  be  utilized  repeatedly  in  makliig 
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asacsatnonts  of  bacobaixi  cable  installation  and  the  ability  to  en- 
vision them  can  cave  many  hourc.  of  confnclon  during  troubleshooting. 

Looking  a Pig.  la  wo  see  a standard  COAX  type  cable  installed 
between  a signal  source  (multiplex)  and  a load  (radio).  Providing 
the  cable  length  is  kept  short,  outside  sources  of  RFI  (broadcast 
interference,  adjacent  baseband  cables,  etc.)  shunt  to  ground 
rapidly  without  developing  a slfpilflcant  signal  component  Ex(Ix) 
across  the  load.  This  tends  to  be  equally  true  for  grotmd  loop 
currents  Igl  when  the  gnerator  and  load  are  close  together  end 
share  a common  ground,  Tice  role  that  Ex  and  Igl  play  in  the  signal 
delivered  to  R1  rapidly  incre2ises  as  the  length  of  the  cable 
increases.  A simplified  circuit  diagram  showing  the  cunrolative 
effect  of  Ix,  Igl  and  Ibb  is  presented  in  Fig.  lb.  There  is  no 
attempt  made  here  to  go  into  a rigorous  circuit  analysis.  It  is 
siufflcient  that  the  buildup  of  these  extraneous  currents  be 
recognized  so  that  steps  can  be  taken  to  avoid  or  minimize  them. 

So  what  can  be  done  to  reduce  the  effect  of  ground  loop 
currents  when  using  coax  cable?  The  answer  is  to  be  sure  that  the 
coex  cable  goes  to  ground  at  only  one  end.  At  the  other  end,  the 
signal  generating  end,  the  output  must  float  above  ground.  What 
, has  been  achieved  here  is  slngie-onded  transfonner  coupling  - 
which  is  just  what  the  AlVUCC-4  multiplex  ax>d  the  LC-4  radio  Jmve 
been  designed  to  utilize.  Docs  this  solve  all  of  our  problems? 

No,  But  it  does  give  us  the  best  possible  basebeind  cable  plant  we 
cam  expect  to  Install  using  COAX  cable.  'Oie  effect  of  Ex  may  still 
defeat  us  onl  no  doubt  will  if  we  must  use  close  si-)aced  transmit/ 
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receive  cables  operating  at  -15/-^!)  db'.n  lovolc.  Right  away  v;o  know 
tliat  we  need  yd  clb  nioi'e  of  isolation  than  we  would  require  for 
equal  levels. 

A solution  someone  might  be  quick  to  suggest  here  would  be  to 
operate  the  basebaiki  cable  plant  equi-level.  The  major  drawback  to 
this  is  that  the  cqulpiiicnts  we  are  discussing  here  are  designed  to 
operate  at  the  -15/“^5  dbtn  levels  and  to  operate  othenvlse  means  we 
must  complicate  our  baseband  cable  plant  by  adding  am.plifiers  and 
pads  (components  which  eidd  system  noise  and  decrease  system  reli- 
ability). Foi’tunately,  we  don't  have  to  choose  this  course  of 
action  because  we  can  obtain  all  the  isolation  required  between  our 
baseband  cables  (bundled  tightly  or  otherwise)  simply  by  using 
TRIAX  cable. 

What  does  the  TRIAX  cable  have  to  offer  us  that  the  COAX 
doesn't?  The  answer  is  a second  shield  which  can  effectively  shunt 
Ix  currents  to  ground  without  Introducing  them  into  the  signal  flow 
path.  Figure  2a  shows  how  the  outer  shield  protects  the  inner 
shield  from  outside  Ex  fields  and  in  similar  fashion  prevents  radia- 
tion from  the  inner  shield.  Using  TRIAX  cable,  we  are  able  to 
utilize  the  center  conductor  and  inner  shield  for  single-ended 
transformer  coupling  of  the  multiplex  oquiixr,ent  to  the  radio  and 
thereby  eliminate  any  possibility  of  ground  loops  between  those 
equipments.  The  second  thing  that  TRIAX  does  is  furnish  that  extra 
outer  shield  which  provides  that  additional  margin  of  cable  isola- 
tion I'equlred  when  operating  colocated  transmit  and  receive  cables 
operating  at  -IV-^S  levels.  Note  that  in  Fig.  2b  only  one 


curi’ont  oouroo  retrAina  to  drive  tho  load.  This  represents  aji  Ideal 
baseband  cubic  plant  which  l.s  virtually  attained  tiaxTush  tfie  use  of 
properly  imtal.lcd  basoland  cables. 

2,2  Cable  Crosstall:  and  Isolation 

At  fnia  point  we  will  dlccuse  the  need  for  isolation  between 
the  transmit  and  ixceive  baseband  cables  and  develop  some  ideas  on 
wlrnt  constitutes  acceptable  values  of  isolation. 

Crosstalk  is  defined  by  DCA  os  tho  phenomenon  in  which  a slg- 
rval  transmitted  on  one  circ\iit  oi-  cliannel  of  a ti'ansmlsslon  system, 
is  detectable  in  another  circuit  or  cliannel.  With  baseband  cable 
plants,  we  are  concerned  with  crxsstalk  between  the  receive  and 
transmit  ijaseband  cables.  “Rie  Input/output  Isolation  requirements 
for  the  multiplex  and  radio  baseband  Interfaces  are  determined  by 
the  r.ianuf actuj’er ' s design  and  provide  sufficient  isolation  to  meet 
DCA  standards.  Therefore,  with  the  lone  exception  of  the  Slenen's 
VoO  interface  which  will  be  discussed  later,  crosstalk  in  the  base- 
band cable  plant  is  primarily  dependent  upon  the  degree  of  isola- 
tion developed  between  the  trimsmit  and  receive  cables. 

DCA  standamis  require  that  intelligible  crosstalk  in  a 
channel  rmist  be  at  least  55  ® bolcn^  the  desired  signal.  Tills 
^ m.eans  that  if  wo  ren  two  cqul-lcvel  cables  together,  they  must 
have  an  isolation  of  at  least  55  dB  xo  meet  this  standard.  When 
we  colocate  receive  ani  ti'ansmit  cables  carrying  power  levels  of 
-15  dBm  aivi  -45  dBm  respectively,  the  signal  carried  by  the  receive 
cable  is  50  dD  liigher  than  the  slf:nal  carried  by  tho  treinsmlt  cable. 
We  must  D'M  increase  the  isolation  between  these  cables  by  on 
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additional  50  dB  in  order  to  insure  that  the  eignalc  induced  into 
the  transmit  cable  appears  55  dB  down  (-100  dBm)  from  the  -45  dBm 
transmit  signal.  The  Isolation  between  cables  should  be  at  least 
85  dB. 

A basebeind  cable  plant  having  an  Isolation  of  85  dB  would 
meet  the  DCA  requirement  for  single  tone  crosstalk  if  we  are  con- 
cerned with  a single  link.  Unfortunately,  we  usually  must 
traverse  several  relay  faollities  before  delivering  our  traffic  to 
Its  end  destination,  Tlie  isolation  of  the  baseband  cable  plants 
at  each  facility  will  become  a factor  in  our  final  determination 
of  Isolation  requirements. 

At  this  point,  let  us  consider  what  we  have  said  about  cable 
isolation  and  utilize  figures  5 tlirough  5 to  insure  that  we  have  a 
clear  understanding  of  what  takes  place  in  the  baseband  cable. 
Figure  5 depicts  a view  of  a cross  section  of  a transmit/recelve 
pair  of  baseband  TRIAX  cables.  The  field  about  the  inner  shield  of 
the  receive  cable  (-15  dBm)  is  shown  to  be  much  more  Intense  than 
the  field  about  the  inner  shield  of  the  transmit  cable  (-45  dBm), 
The  effect  of  the  grounded  outer  shield  of  the  receive  cable  is  to 
reduce  the  Intensity  of  the  radiated  receive  signal.  The  grounding 
of  the  transmit  cable  outer  shield  provides  additional  protection 
of  the  transmit  signal  by  shunting  most  of  the  Induced  receive 
signals  to  ground  and  thereby  reducing  again  the  effect  of  the 
higher  receive  levels  on  the  transmit  center  conductor  and  inner 
shield.  Isolation  obtainable  with  properly  installed  cables  is  in 
the  order  of  120  dB. 
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tt  l8  important  hero  to  develop  the  concept  of  Indl’/ldual 
cable  InoTatlon  ao  this  will  make  ctear  why  It  ic  necessary  to 
insist  o"^  all  baseband  cable  plants  within  a facility  meeting 
proper  isolation  standards*  If  we  say  tliat  the  total  isolation 
between  two  cables  is  120  dD,  then  we  may  say  that  each  cable  is 
contributing  60  dB  of  this  isolation.  liie  cables  should  be 
physically  ai>l  electrically  identical  with  only  slight  manufacturing 
variations.  If  each  cable  is  properly  installed,  each  will 
contribute  equal  values  of  isolation.  With  the  individual  cable 
isolation  concept  as  a tool,  we  can  devalop  a means  of  estimating 
total  baseband  cable  plant  isolation  requirements.  For  example,  if 
we  run  tv/o  receive  cables  parallel  vrtth  two  transmit  cables  and  each 
cable  has  an  individual  isolation  of  60  dB,  the  overall  effect  of  the 
two  receive  cables  is  to  reduce  their  combined  isolation  by  3 <^0, 
which  is  to  say,  that  the  new  isolation  existing  between  the  pair  of 
receive  cables  and  each  transmit  cable  is  now  117  dB.  Should  one  of 
the  receive  cables  not  be  properly  installed  arid  exhibit  a low  level 
of  isolation,  say  30  dB,  the  combined  isolation  of  this  cable  and 
either  of  the  transmit  cables  will  be  90  dB.  Consideration  of  this 
phenomenon  will  make  clear  wliy  it  is  so  necessai’y  to  insure  that  each 
and  every  baseband  cable  in  a facility,  where  colocated,  is  Installed 
in  a manner  which  provides  adequate  Isolation,  One  poorly  installed 
receive  cable  will  pollute  adjacent  transmit  cables  which  are 
totally  disassociated  with  the  portion  of  the  sj-stem  of  which  the 
defective  cable  is  a part.  This  type  of  condition  is  exti'cmely  hard 
to  detect  and  Ic  usaliy  attributed  to  bad  station  grouivis.  Again, 
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the  prime  diffloulty  In  dctoctlivg  the  (source  of  cuoh  a problem  l3 


tliat  active,  tiMffio  cari’ylng  syatemfi  arc  involved.  Downtime  to 
carry  on  the  required  Invostlcation,  loolation  ojnd  testing  of  the 
cable  plants  involved  is  liajxi  to  come  by.  That  is  why  it  is  so 
necessary  to  properly  install  the  baseband  cable  plant  initially  and 
control  carefully  any  subsequent  Ir^tallations  that  can  Impact  the 
existing  baseband  cable  plant. 

Looking  at  Fie,  we  see  a typical  link  configuration  for 
radio  and  multiplex  equijxnent  baseband  cable  plant  testing.  At  the 
near  end  we  arc  injecting  a signal  into  a multiplex  channel  and 
observing  the  effect  on  the  same  channels  receive.  At  the  distant 
end,  we  have  tenninated  both  the  receive  channel  and  transmit 
cliannel.  On  the  near  end,  the  -45  dEtr  level  of  the  transmit  cable  is 
50  clB  lower  tliaii  the  receive  -15  dBn  level.  Crosstalk  from  transmit 
to  receive  is  unlikely  as  even  a poor  absolute  isolation  (-25  dB) 
between  receive  and  transmit  cables  would  lower  the  crosstalk  in  the 
receive  to  the  required  55  d3  down  level.  Therefore,  any  crosstalk 
measured  at  the  near  end  will  be  taking  place  in  the  fai’  end  cable 
plant  where  the  -15  dBm  roceive  signal  crosstalks  into  the  -45  dBm 
transmit  cable.  The  isolation  between  receive  and  transmdt  base- 
^ bard  cables  must  be  at  least  85  dB  to  Insure  that  the  -I5  dBm  signal 
is  reduced  to  a -100  dBm  in  the  transmit  cable.  A -ICO  cLBia  signal 
will  be  55  da  dovm  from  the  transndt  -45  dim  slgruil.  The  actual 
isolation  attalmiblo  between  ThIAX  baseband  cables  Is  in  tlic  oi\ier 
of  120  dB  or  better  when  properly  iastalled.  Ihc  overall  iso.lation 
of  the  bas'd'^i.vl  cabJc  p];>.nt  ttien  K rot  es  dejiorvJrnt  on  t)ie  isolation 
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2,3  Cable  Plant  Testing. 

Flgui'o  5 chows  a typical  Isolation  test  method  used  extensively 
by  ECA/KPZ  personnel  to  dotemiine  the  combined  baseband  cables  aind 
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multiplex  Interface  Isolation  versus  frequency  characteristics.  A 
Hewlett  Packard  654A  Test  Oscillator  Is  used  in  conjunction  with  a 
Hewlett  Packatxl  52^5L  Frequency  Counter  to  provide  an  accurate  source 
of  lilgh  level  signal  (plus  10  dBm)  to  the  baseband  cable  at  the  radio 
end  of  the  transmit  cable.  The  multiplex  end  is  terminated  in  the 
multiplex  trsinsmit  baseband  ccrobinlng  panel.  The  crosstalk  induced 
into  the  receive  cable  by  the  signal  in  the  transmit  cable  is 
meaisured  at  the  radio  end  with  a Sierra  128A  Selective  Voltmeter, 

The  far  end  of  the  receive  cable  is  terminated  in  the  imiltiplex 
receive  combining  panel.  Signals  are  injected  into  the  transmit 
cable  ranging  in  frequency  from  ,06  to  3.2  riHz  at  a plus  10  dBm  level 
and  crosstalk  readings  recorded  in  terms  of  absolute  dB  difference 
between  values  measured  on  the  128A  and  the  level  s'upplled  to  the 
treuismit  cable  by  the  test  oscillator,  Ihls  data  is  valuable  in 
eissesslng  the  performance  of  the  baseband  cable  eind  multiplex  inter- 
face as  no  better  performance  can  be  expected  when  the  cables  are 
terminated  in  the  radio  equipment. 

The  same  test  setup  can  be  a useful  troubleshooting  tool  as  it 
permits  one  to  assess  the  b2iseband  cables  (including  wideband  patch 
appearances)  isolation  independent  of  the  multiplex  combining  panels, 
Ihe  isolation  of  properly  installed  TOIAX  cable  over  the  baseband 
f frequency  range  is  in  excess  of  120  dB  for  lengths  of  cable  up  to 
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J)00  ft.  The  recolvo  oixl  tranrjnit  cables  con  bo  tennliiated  at  the 


I'adlo  ontraDco  appcamnco  on  tho  wldehjand  i>atch  bay  and  Irolatlon 
across  tho  baseband  meanurod  to  Insure  that  proper  Isolation  has 
been  maintained  to  that  point.  It  has  been  foujid  necessary  to  use 
variations  of  this  test  technique  in  mcas'urlns  baseband  cable  pleintn 
on  a section  by  section  basis  in  oixler  to  locate  the  components  or 
cable  sections  that  were  causing  isolation  losses. 

2.4  Determining  Plant  Isolation  Requirements 

Figures  6 and  7 provide  the  baseband  cable  plant  designer  with 
a conceptual  technique  for  establishing  isolation  criteria  needed  per 
facility  on  a system/sub-system.  In  Fig.  6 we  see  two  terminals  with 
an  intermediate  baseband  repeater  site  (RELAY).  Each  of  the  terminals 
have  baseband  cable  plants  involving  multiplex  eind  radio  equipments. 
The  relay  site  may  have  a simple  baseband  cable  plant  utilizing 
attenuators  to  drop  the  incoming  receive  levels  to  the  I'equircd 
transmit  levels  or  the  plant  may  consist  of  a complex  network  of 
bridges,  filters,  attenuators,  amplifiers  and  associated  cabling. 

In  either  case,  we  have  shown  the  cable  plant  to  exhibit  an  absolute 
value  of  Isolation  of  85  dB  for  the  puiTJOse  of  illustration.  If 
both  terminals  also  have  cable  plants  with  85  dB  isolation,  we  can 
use  the  Isolation  diagram  ohwon  in  Fig.  7 lo  determine  wliat  the 
maximum  subsystem  Isolation  between  transmit  and  receive  cluumels 
can  be.  Trie  isolation  of  the  relay  and  distant  terminal  is 
represented  by  a I'eslstance  or  pad  sj-mbol  identified  os  having  an 
Isolation  of  85  dB  in  each  case.  A little  Intuition  tells  us  that 
two  equivalu**  pads  in  imrallel  will  shunt  twice  as  much  power  from 
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the  -1$  dBm  receive  cable  to  the  -45  dBm  trajiomlt  cable  as  a single 
pad.  Twice  as  inuch  power  Is  the  same  as  a ^5  dB  Increase  In  power 
or  oonvei’sely,  & ^ (SB  decrease  In  Isolation  (resistance).  Therefore, 
the  absolute  value  of  syntem/sub-system  Isolation  seen  from  the  near 
end  will  be  only  82  dB  rather  than  the  required  85  dB.  This  means 
that  a 10  down  tone  Inserted  in  a transmit  channel  at  the  near  end 
will  result  In  crosstalk  52  dB  down  In  the  near  end  receive  channel 
rather  than  the  55  dB  down  specified  by  DCA.  Prom  this  we  can  see 
that  with  a three  baseband  cable  plant  system,  85  dB  plant  Isolation 
is  insufficient  to  meet  our  system  requirements.  We  can  calculate 
the  value  of  Isolation  required  at  each  cable  plant  from  the  : .lowing 
formulas : 

a.  SYSTEM  ISOLATION  LOSS  (dB)  = -10  log  1 for  H >1 

N - 1 

where  N is  the  number  of  equal  isolation  baseband 
cable  plants  the  channel  traverses. 

b.  SYSTEl-l  ISOLATION  (dB)  = EQUI-PLANT  ISOLATION  (dB)  10  log 


c.  MINBrJI-l  PLANT  ISOLATION  (dB)  = 85  - 10  log  1 for  N >1 

N - 1 

EXAMPLES:  Given  a sub-system  conslstli^g  of  two  terminals  and 
»two  Intermediate  baseb£ind  repeaters,  what  is  the  system  Isolation 
loss  as  measured  from  the  near  end?  VJhat  Is  the  system  Isolation  if 
each  basebar^l  cable  plant  exhibits  85  dB  of  isolation  individually? 

The  system  will  exhibit  a system  isolation  loss  (SIL)  equal 
to: 
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SIL  - -10  log  1 

- -10  log  1/^ 

- -(-^.77)  cIB  » 4.77  dB 

If  each  cable  plant  has  been  designed  for  a 85  dB  isolation 
(CPI),  the  Bjrsteni  isolation  (SI)  will  be: 

SI  = 85  10  log  1 

rrr 

85  + (-4.77) 

80.22  dB 


If  It  is  desired  to  maintain  a system  Isolation  of  85  dB 
(single  tone  interference  55  dB  dovm),  what  must  be  the  minimum 
plant  isolation  (I'lPI)  exhibited  by  each  baseband  cable  plant  in 
each  of  the  four  facilities? 

tiPI  = 85-10  log  1 
4-1 

85  - (-4.77) 

89.77  dB 

One  last  formula  may  be  used  to  evaluate  how  well  the  baseband 
cable  plants  are  performing  on  a sub-system  when  the  actual  average 
crosstalk  over  the  baseband  is  known. 

SIA  (System  Isolation  Average)  = XTA  (Baseband  X-Talk 
Avoi'age)  dB  + 50  dB 

MPI  « SIA  - 10  log  1 

N - 1 

For  the  Scope  Comm  sub-system  Hillingdon  - Botley  Hill  - Na\'y 
London,  the  X-talk  average  (XTA)  is  65  dB  when  measured  from  Hilling- 
don. V/h'it  Is  the  KiPT  that  can  exist  at  Botley  Hill  or  Mi'/y  London? 


A-20 


^ 

MTI  " SIA  - 10  log  1 - 65  dB  + (ID  - 10  log  1/2 

3-1 

95  + 3 
98  dfl 

In  the  reverse  direction,  Ifavy  London  - Bctley  Hill  - Hllllr;g- 
don,  the  X-taU?  average  is  61. 6 d.^  when  measured  froro  Ha'/y  London. 

This  indicates  that  the  MPI  for  Botiey  Hill  or  Hillingdon  irrast  be 
94,5  d3  or  better.  Fr-om  the  above  calculatlor.3,  we  taow  tliat  Botiey 
Hill  cable  plant  nrist  be  y8  dB  or  better.  Therefore,  v;e  can  be  sure 
tfiat  the  Isolation  of  the  baseband  cable  plant  at  Hillingdon  fer 


tills  sub-systei!)  is  dB  or  better.  As  the  liPI  for  a T baseband 

cable  plant  system  is  88  dB,  we  can  see  that  the  tiPI  for  Hillingdon 
is  exceeded  by  6.6  dD  and  at  Kavy  Lorxion  and  Botiey  Hill  by  at  least 
10  dB.  Tiie  additional  isolation  available  at  these  three  locations 
is  worth  vhiile  in  tiiat  it  will  pro'/ide  an  aadlticnal  crosstaid 
safety  margin  for  high  system  loading. 

2.5  Prequeney  Dependence  of  Crosstalk  and  Isolation 

Ihus  far  in  our  discussicjis  on  heisoband  cable  plants  we  have 
neglected  to  point  out  v.-hat  role  frequency  plays  in  isolation  and 
crosstalk.  IVo  graphs  showing  plots  of  absolute  isolation  versi-is 
fi-equency  are  provided  as  pai-t  of  this  v/ork  in  oider  to  illustrate 
these  relationsliips.  Graph  I Is  a plot  cf  the  Hillingdon,  Ergland, 
baseband  cable  plant  interfacing  the  AKAJCC-4  multiplex  equlprent 
v;lth  the  A!{/lIlC-lt>0  radio  on  the  path  to  Bovlngdon.  The  i.ieasui'e- 
nent  test  set  up  was  as  shown  in  Fig'ui'e  5*  Studying  tide  graph, 
we  obsei've  tvjo  veiy  important  characteristics  of  cable  plant 
isolation. 
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First,  grounding  or  not  grounding  the  outer  shield  of  TRIAX  cable 


pairs  makes  a major  difference  in  the  isolation  attainable  at  any 
given  frequency.  Tn  fact,  how  the  outer  shield  is  grounded  spells 
the  difference  in  wliether  a cable  plant  can  provide  sufficient  isolation 
to  meet  the  DCA  crosstalk  limit  or  not  in  certain  portions  of  the  base- 
band frequency  spectrum.  Double  ended  outer  shield  grounding  must 
be  used  to  obtain  maximum  isolation  of  the  cable  plant.  This  rule 
applies  to  baseband  cable  plants  ranging  from  25  to  500  ft  interfaces. 

Second,  there  is  a periodic  component  in  baseband  cable  plant 
isolation.  This  isolation  characteristic  has  been  used  frequently 
by  contractor  personnel  to  overcome  isolation  (crosstalk)  problems 
in  portions  of  the  baseband  cable  plants  frequency  spectrum.  The 
isolation  signature,  with  its  peaks  and  valleys,  can  be  shifted 
frequency  wise  to  provide  best  isolation  in  a specific  (used)  por- 
tion of  the  baseband  spectrum  by  grounding  the  outer  shield  at 
intermediate  locations  between  interfaces.  This  by  no  means 
improves  the  isolation  of  the  overall  cable  plant.  Rather,  it 
shifts  the  poor  isolation  area  into  some  other  part  of  the  baseband 
frequency  spectrum  which  may  eventually  be  needed  for  over  building 
the  facility.  This  practice  should  not  be  condoned  as  it  only 
masks  a poorly  engineered  and  installed  baseband  cable  plant 
which,  with  a reasonable  effort,  could  be  corrected  to  provide  the 
minimal  isolation  required  across  the  entire  baseband.  The  condi- 
tions that  make  such  gimmic  correction  techniques  necessary  usually 
result  in  additional  idle  channel  noise  that  varies  independently 
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from  Isolation  or  crosstalk.  Increased  Idlo  channel  noise  rray  bo 
developed  from  the  samo  ground  loop  conditions  that  preclude 
attainment  of  tho  minimum  isolation  required  at  all  baseband  fre- 
quencies (60  - 25^0  IQIz), 

Looking  again  at  Graph  I,  we  see  that  the  minimum  isolation 
measured  across  the  entire  baseband  frequency  spectrum  using  double 
end  grounding,  is  100  dB  which  is  better  than  tbie  89.77  dB  liPI 
calculated  for  a 4 basebaind  cable  plant  sub-system  such  as  the 
Hillingdon  to  Martlesham  Heath  section.  Note  that  IP  repeater 
sites  are  not  counted  in  system  isolation  calculations  because  they 
operate  at  70  MHz  equl-level  cable  plant  conditions. 

Graph  II  shows  the  Martlesham  Heath  baseband  cable  plant  to 
have  a minimum  Isolation  of  93  dB  at  1.5  MHz,  Again,  this  exceeds 
our  plant  requirement  by  3.23  dB.  A periodic  comporrent  is  again 
observed  in  the  Isolation  versus  frequency  signature  of  this  cable 
plant.  Insufficient  testing  has  been  done  to  date  to  show  specifi- 
cally why  this  periodic  component  exists.  It  is  suspected  that  the 
period  of  these  peaks  and  valleys  is  related  to  the  length  of  the 
baseband  cables  and  the  outer  shields  effectiveness  in  providing 
isolation  over  the  baseband  frequency  spectrum.  Moi?e  investigation 
should  be  conducted  in  this  area  as  elimination  of  or  minimizing 
this  periodic  condition  oould  result  in  significant  improvements 
in  tho  minimum  isolation  attainable  through  TRIAX  cable  plants. 

2,6  Crosstalk  and  Idle  Channel  Noise 

Before  we  leave  the  subject  of  crosstalk,  it  is  required  that 
vfo  see  clearly  the  relationship  of  crosstalk  to  idle  channel  noise. 
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With  or  without  crotstall:,  we  can  bo  siu’O  that  wo  v/ill  always  find  a 
iDcosui’cablo  level  of  idle  cJiannol  noise  (ICN)  in  a ciiannci.  V/>iethc'r 
a portion  of  tlvls  ICH  comes  from  crosstalk  or  not  will  depend  on  the 
isolation  of  the  cable  plant  ajid  the  loadii^g  of  tho  cynten..  A cable 
plant  may  cxiilblt  relatively  poor  cinsio  tone  isolation  performar^ce 
and  yet  the  ciiannels  traversing  it  show  good  ICh'  as  long  as  the 
loading  on  the  synxom  remains  light.  However,  tu  mere  groups  and 
supergroups  ai-e  brought  up  on  line,  tlie  idle  ciiauinel  noise  climbs. 
How  high  it  will  climb  will  be  dependent  to  a lai'ge  extent  on  the 
baseband  cable  plant  isolations  found  throughout  tiie  sub-system 
tested.  Because  of  tlds  inter-relationsfiip  of  crosstalk,  idle 
charuiel  noise  and  baseband  loading,  it  is  important  to  make  oix>3S- 
talk  and  idle  channel  noise  tests  during  periods  of  peak  loading. 

'Ihe  higher  the  loadxrig,  the  more  reliable  the  data  is  for  system 
evaluation  of  crosstalk  and  isolation. 

3.  SYS’IE'I  TESTING  A]-®  EVALUATION 

5.1  System  Testing 

Once  the  baseband  cable  plant  designer/installer  has  his  cable 
plants  on  his  system/sub-system  installed  and  meeting  tlie  isolation 
requirements  he  has  established  as  necessary  on  a per  plant  basis, 
he  needs  to  l-oiow  v/hat  he  has  achieved  system  wise.  Even  vflth  a two 
terminal  system,  this  Is  not  easily  accomnllshfjd.  It  takes  a couple 
of  good  tech  controllers  at  each  tcminal.  Tliey  will  be  fully 
occupied  for  an  indefinite  time  depending  on  how  many  groups  eind 
supergroups  are  to  be  tested,  A minimum  of  five  chani^els  are 
required  per  group  ai«d  all  gi’oups  curl  supergroups  oommon  to  both 


J 
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.locnticnv3  aiid  droppin.".  to  voice  frequency  (V?)  rnunt  Ihj  to&tod.  I^ch 
chnxuwl  ir,  te.oie'i  for  receive  ICK,  tent  tone  level  (T/T),  and  X-ta.lk 
and  then  for  tronnmit  ICII,  T/r  ujk!  X-i^lk.  This  results  in  2^  tests 
per  gx'oup  or  1^10  tests  per  Gupcz’gfO’sp.  Many  channels  irust  be  olt- 
routrd  during  testing  with  d>evmtiine  kept  to  a nlnimuD. 

A data  sheet  ari’anrod  for  I'eoording  the  test  InfoxTiation  is 
included  as  attuohincnt  1,  This  shrurs  the  ;r.eas'ured  data  as  •'’ailing 
uiider  two  colunms,  Hecoive  anxl  Transmit  for  Hlllinedcn.  Receive  data 
are  the  ineasi’rements  talien  at  Hillingdon  tech  conti-ol.  Transmit  data 
are  the  moasurerients  taken  at  Kartlesfiar;  Heath. 

Tl)e  three  pieces  of  da’ta  that  we  want  on  each  channel  I'ecelve 
and  transmit  are  ICll,  T/T  arci  X-talk.  Let's  talk  about  each  in  turn 
tc  see  how  they  help  us  evaluate  our  sub-sj-atem. 

ICN  is  what  we  are  most  intei’ested  in  because  ECA  iias 
established  standarfis  for  ICN  on  each  circuit.  If  the  liru:s  have 
been  properly  engineered  aind  the  equipments  operating  properly,  ve 
should  be  able  to  meet  the  DCA  S'tandard.  However,  the  baseband 
cable  plant  has  been  found  to  be  a source  of  noise  and  X-talk  in  a 
ruamber  of  ins'tallations  and  it  is  not  uncommon  when  this  is  the 
case  to  find  the  ICN  running  as  ruch  as  12  db  higher  than  the 
standard.  ThJ.s  situation  is  good  in  one  sense  and  that  is  that  the 
degradation  caused  by  the  cable  plant  is  so  severe  that  it  gets 
quick  attention.  The  worst  situation  is  whore  the  cable  plant 
degrades  the  circuits  by  2 to  5 d.D  and  the  maintenance  people 
spend  countless  hours  testing  ai'.d  aligning  radio  and  multiplex 
equipments  looking  for  that  little  extra  performance  needed  to 
meet  the  standaixl.  So  tills  is  i-oally  what  it's  all  about,  we 
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want  to  meet  the  ICN  eetabllahed  for  our  circuits.  It  takes  a lot 


of  Individual  tests  to  let  us  see  what  our  ICN  looks  like  over  our 
baseband  frequency  spectrum  but  they  are  a must.  Just  as  the  cable 
plant  Isolation  may  vary  widely  as  a function  of  frequency,  the  ICN 
also  varies  from  channel  to  channel,  group  to  group  and  supergroup 
to  supergroup.  We  want  to  meet  DCA  standards.  Of  course  there  may 
be  a problem  such  as  a local  broadcast  station  sitting  right  on  a 
channel,  A well  Installed  baseband  cable  plant  may  help  the  situa- 
tion, but  only  so  much  can  be  expected.  Also,  the  local  station  may 
be  getting  into  the  multiplex  equipment  in  the  group/supergroup 
wiring.  But  on  the  avergage,  if  all  is  well  with  our  system,  the 
ICl'I  will  meet  standards  across  the  whole  baseband  with  very  few 
exceptions  and  these  should  be  identifiable. 

T/T  is  our  channel  test  tone  level.  This  information  is 
needed  in  order  that  we  can  normalize  our  ICN  and  X-talk  data.  We 
need  this  correction  to  compare  data.  For  example,  if  the  T/T  is 
-8  dSmO,  then  we  must  subtract  2 dB  from  both  ICN  and  X-talk  in  order 
to  compare  them  with  data  taken  with  a T/T  of  -10  dBmo. 

X-talk  lets  us  make  a guess  as  to  what  will  happen  to  ICN 
should  the  system  loading  Increase  significantly.  If  we  have  an 
ICN  of  -64  dBrcO  and  a X-talk  of  -57  dBmO  on  a lightly  loaded  system, 
we  don't  feel  as  secure  as  when  we  have  an  ICN  of  -64  dlinO  and  a X- 
talk  of  65  dBmO.  In  both  Instances,  we  are  currently  meeting  DCA 
X-talk  requirements  but  not  under  fully  loaded  conditions.  It  is 
not  difficult  to  attain  low  values  of  ICN  on  lightly  loaded  systems 
but  as  the  loading  increases,  the  ICN  etui  increase  severely  if  sys- 
tem isolation  is  poor. 
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Once  we  have  completed  our  oystein  testa  ajvi  normalized  oxu’ 
data,  we  are  ready  to  assess  Just  how  well  our  baseband  cable 
plfints  are  performing.  Looking  at  the  data  con  tell  us  a good 
deal  about  each  of  the  two  terminals  we  have  been  testing. 

5,2  Data  Evaluation 

Hillingdon's  receive  data  provides  an  assessment  of  the 
Martlesham  Heath  radio,  multiplex  eind  baseband  cable  pleint.  (For  the 
purpose  of  this  example,  we  are  Ignoring  the  relays  between  Hilling- 
don and  F-lartlesham  Heath.)  In  turn,  Hillingdon's  trans"it,  which  is 
Martlesham '3  receive,  aissesses  Hillingdon's  radio,  multiplex  and  base- 
band cable  plant.  This  relationship  is  often  misunderstood  and  faci- 
lities having  high  receive  noise  levels  are  charged  with  responsibil- 
ity for  clearing  the  problem  at  their  location.  Obviously,  no  amount 
of  in-house  effort  will  correct  the  problem  as  its  source  is  at  the 
distant  transmit  site  or  intermediate  facilities.  The  relative 
levels  of  the  receive/transmit  sigruls  on  the  receiving  stations 
baseband  cable  plant  are  such  that  the  noise  effect  of  ground  loop 
currents  euid  crosstalk  is  negligible  when  comp)ared  with  the  noise 
effect  of  the  same  problems  in  the  transmit  cable  plant. 

Plotting  out  the  X-talk  measurements  made  at  the  receive 
facility  and  comparing  them  with  the  plots  of  isolation  made  for 
the  distant  cable  plant  will  quickly  reveal  problems  existing  in 
intermediate  relay  facilities.  Adding  JO  dB  to  each  value  of  cross- 
talk measured  at  the  receive  facility  will  convert  the  X-talk  plot 
into  a simllated  isolation  plot  wlilch  should  compare  within  a few  dB 
of  the  distant  end  cable  plant  isolation  graphic  results.  When 
large  variations  are  apparent,  an  Investigation  of  the  inieimediate 
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facilities  is  called  for.  Standard  baseband  cable  isol  I'ion  tests 


should  be  made  at  tl>csc  relays  and  the  graphed  results  compared 
witli  the  data  previously  oblaineil  at  the  receive  location.  The 
facility  having  the  faulty  cable  jilant  should  become  readily 
apparent,  'lliereafter , procedures  described  earlier  in  this  report 
can  be  used  to  clear  the  problem  a.nd  test  the  cable  plant  to  confirm 
its  proper  operation. 

4.  INITIAI.  INSTALLATION 

IVe  see  in  Fig  8 t)ie  interface  between  Al'.'/UCC-4  multiplex  and 
eitltcr  a LC-4/8  or  AN/TRC-150  radio.  The  hybrid  output  and  span  pad 
float  above  ground  and  utilize  the  center  conductor  and  inner  shield 
of  a triax  cable  to  carry  the  baseband  information  to  the  wideband 
patch  bay  and  hence  to  the  radio.  At  no  jioint  in  tliis  path  docs  the 
center  conductor  or  inner  shield  contact  ground  until  arriving  at  the 
radio  where  the  inner  and  outer  shield  are  combined  and  grounded 
through  the  radio  BNC  connector.  At  the  multiplex  combining  panel, 
the  outer  shield  of  the  triax  cable  is  connected  to  the  equipment 
ground  terminal  provided  at  the  rear  of  the  combining  p.-nel.  Prior  to 
installing  the  BNC  connector  at  the  radio , ohr„neter  reasuvements  may  be 
jLiscd  to  insure  that  no  grounding  condition  exists  on  the  center  con- 
ductor or  inner  shield  and  the  outer  shield  as  required.  Should  tlie  inner 
shield  show  a ground  condition,  the  X-Y  interconnects  on  tlie  combining 
panel  should  be  checked  to  see  that  they  are  not  cross  connected.  The  X-Y 
connection  is  usually  made  to  the  bottom  of  the  looping  plug  shield  solder 
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tab3  fin-i  bo  cut  and  taped  back.  Tho  fTIIX  urid  IbMJlO  looplri;  pl'ign 
at  tbo  wldobaixl  patch  bay  con  be  renoved  ami  thei'cby  Icolate  uoo- 
tions  of  the  t^.ncl>euvi  cable  to  nee  wli»;rv.  shorts  or  opens  take  place. 
Troubleshooting  In  simple  ajid  cti'alKhtfoi’ward  as  long  os  the  instal- 
ler midei'stcmds  the  principles  of  the  basebar*!  cable  plant  theoi'y, 

Fdgui*e  9 i''5  a sketch  of  the  Siemens'  V 6<Vi20  to  LC-4/8  radio 
baseband  cab.lo  plajit.  Siemens'  150/75  oIeq  In.pecbmce  r-atchin^  trans- 
foiTnorc  are  used  to  rpstoh  to  the  triax  cable.  Solder  terr.lnalc  are 
provided  on  the  trariSfoiT.,er  with  a grounding  option  for  the  cuter 
shield.  Inner  c'nield  and  center  conductor  are  connected  to  a float- 
ing (isolated)  output  vfinciir^  also  t:iro-jgh  solder  connections.  Hez'^ 
v;e  have  a diffei'cnce  in  tran;i-nit  levels  provided  to  the  wideba;'^ 
patch  bay.  Tne  /dVUOC-4  pro'/lded  us  with  -45/-15  dB?n  transmdt/ 
receive  levels  whereas  the  V60/120  output  is  -15/-'' 5 dBm.  The  trans- 
mit Is  dropped  by  a TBIAX  pad  installed  at  the  wideband  patch  thus 
prcvidlrig  proper  trai^mit  levels  (-4‘3  dBm)  at  the  widebard  patch 
bay.  Troubleshooting  suggestions  provide'!  above  apply  eq-ially  well 
to  this  baseband  cable  plant.  Again,  outer  and  inner  shields  ground 
together  at  the  radio  ENC  connector. 

5.  EASEEIAND  EEIDGPiS 

Baseband  bridges  deserve  special  consideration  because  they 
vary  In  tnelr  Input/output  connection  methods.  Some  utilize  TMAX 
Jacks;  however,  most  bridges  Installed  on  the  Scope  Corm  system  use 
open,  unsMoided  terminal  strip  oonnoctlons.  Sigr.ai  ground  Is 
usually  seperate  from  equipment  ground  and  the  bridge  is  treated  in 
exactly  the  sar.e  maruicr  as  multiplex.  Ko  sliould  always  see  a float- 
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ing  output  at  the  bridge  driving  the  single  ended  input  of  the  radio. 
The  outer  shield  is  grounded  at  the  bridge  equipment  ground  connection 
with  outer  shield  grounding  at  the  radio.  hTien  using  terminal  lugs  or 
solder  connections  to  interface  the  baseband  cable  into  a bridge,  cart 
must  be  taken  to  see  that  the  shields  on  the  cable  do  not  short  to- 
gether and  that  as  little  as  possible  of  the  center  conductor  is 
left  unshielded  as  very  short  sections  of  unshielded  cable  can  cause 
large  losses  in  cable  plant  isolation  at  baseband  frequencies. 

One  further  consideration  on  baseband  bridges  is  that  interaction 

does  take  place  between  the  various  ports  of  the  bridge  on  operational 

systems.  A faulty  baseband  cable  plant  on  say  the  north  port  of  a 

four  way  bridge  can  have  a severe  effect  on  the  east  port.  The  effect 

can  be  all  out  of  proportion  to  the  degradation  caused  on  the  northern 

system.  Because  of  this  interaction  between  bridge  ports,  testing  in 

all  directions  must  be  accomplished  before  and  after  corrections  are 

made  to  bridge  cable  plants  to  insure  that  some  unsuspected  portion 

of  the  system  has  not  been  degraded  while  attmepting  to  improve  another, 
i 

I 

6.  ENVIRONMENTAL  PROTECTION 

Use  of  tactical  radio  and  multiplex  shelters  in  fixed  plant 
configurations  has  resulted  in  special  problems  associated  with  base- 
band cable  plants.  Often  as  not,  the  installers  utilize  overhead  guy 
wires  to  support  baseband  cables  from  pole  mounted  splice  boxes  to 
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the  bulkhead  connectors  on  the  shelters.  These  cables  whip  about 
during  high  winds  causing  shields  to  loosen  arid  fray  thus  posing  a 
constant  threat  of  Intermittent  outjxges  and  performance  fluctviations. 
This  type  of  condition  develops  gradually  cuid  Is  extremely  hard  to 
troubleshoot.  In  addition,  the  trlax  bulkhead  connectors  utilized  on 
Scope  Conm  shelters  for  baseband  cable  entrance  gxxjund  the  outer  cable 
shield  which  can  result  in  ground  loop  currents  and  severe  isolation 
losses, 

I^ie  pole  mounted  splice  box  represents  another  problem  area,  as 
it  is  utilized  for  splicing  one  type  of  shielded  baseband  cable  to 
another.  Connectors  or  video  cable  splicing  techniques  may  be  used 
here  but  ram  the  danger  of  isolation  losses,  connector  failure  and 
corrosion  of  electrical  contact  surfaces.  For  reasons  previously  dis- 
cussed, it  is  best  to  use  one  continuous  run  of  baseband  cable  from  the 
wideband  patch  bay  to  the  input/output  radio  connectors,  TJiis  elimi- 
nates sleeper  type  problems  and  provides  the  simplest  and  best  cable 
pleint.  Conduit  and  underground  duct  work  can  be  used  between  the 
multiplex  building  or  shelter  and  the  radio  shelter,  Ihe  cabling 

1 should  be  enclosed  in  a continuous  run  of  plastic  tubing  to  protect 

! 

it  from  moisture.  This  installation  technique  was  used  at  Hillingdon 

I, 

I ,and  Martleshnm  Heath,  Both  baseband  cables  were  enclosed  in  contlnu- 

[ ous  runs  of  direct  burial  pleistlc  tubing  which  enters  both  the  radio 

shelters  and  multiplex  buildings.  Unused  waveguide  ports  were 
t utilized  for  conduit  entrances  on  the  shelters.  Should  a moisture 

I accumulation  be  suspected  in  the  plastic  tubing,  wann,  dry  air  can 

f 

be  blown  thro\igh  the  tubing  to  insure  dryness. 


I 
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It  must  bo  empiinsized  tliat  hangirvG  of  baseband  cablea  from  guy 


wires  for  long  periods  of  time  Is  to  be  discouraged  for  the  reasons 
olted  above  as  well  os  for  the  unwarrented  exposure  of  the  cables  to 
damage  by  falling  tree  limbs,  ice,  ice  formations  eind  general  deterl- 
oation  of  the  cables,  connectors  and  Jacks. 

7.  BASEBAIID  CABLE  PLAOT  P3YCH0I/)GY  AND  TOOUBLLClfOCniC 
7.1  Psychology- 

Although  this  paper  is  dedicated  to  being  a "How  to  do  it  rlgh* 
the  first  time"  and  "How  to  fix  it  up  now  that  it's  been  done  wrong" 
type  £irticle,  it  would  be  ’unwise  not  to  stress  at  tMs  point  that 
troubleshooting  baseband  cable  plants  involves  a special  mentality. 
Baseband  cable  plants  aice  usually  carrying  mission  traffic.  Cite 
commanders  bear  the  burden  of  resporsibillty  for  seeing  that  nothing 
Interferes  with  thiis  flow  of  traffic  thro-ogh  their  sites.  Althcugh: 
that  poorly  perfoi’ming  baseband  cable  plant  may  not  be  doing  adl  it 
can,  it  still  is  operating  and  no  responsible  site  cctmander  is  about 
to  gamble  i.’ith  loosing  a link  or  system:  thixiugh  unauthorized  outages. 
Yet,  that  is  exactly  the  degree  of  risk  involved  in  locating  and 
correcting  tiie  pi’oblem.  And  to  further  complicate  things,  the  best 
and  only  realistic  way  to  troubleshoot  baseband  cable  plants  is 
wliile  they  are  loaded  with  operational  traffic.  VAiat  this  means  is 
that  the  troubleshooter  must  be  a person  with  a sti'or.g  sense  of 
responsibility;  a person  that  the  site  commander  feels  confidence  in. 
From  the  moment  the  tro-ublcshootcr  first  places  liis  ivinds  on  the  site 
equipments,  he  must  work  as  a team  member  with  ■‘•he  local  site  mainte- 
nance pei’Sonnel  fully  infomning  them  of  what  he  is  doing  as  well  ns 
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what  ho*ls  trying  to  aocotnpllsh.  TJio  cecond  group  of  site  people  he 
must  liavo  on  his  toax  is  the  tech  control  personnel.  'Phey  will  be 
doing  his  system  noise  and  crosstalk  testing  In  addition  to  their 
nonral  workload.  The  data  they  provide  will  be  used  to  evaluate  the 
perfoi’monco  of  the  basebarvd  cable  plemt;  therefore,  it  must  be  accu- 
rate and  tal.en  according  to  a set  procedure.  Hundreds  of  individual 
tests  may  be  required  and  these  nay  he  repeated  several  times  over. 

The  novelty  wears  off  quickly. 

What  does  all  this  add  up  to?  Pressure  on  the  troubleshooter. 

He  must  plan  his  testing  thoroughly  and  organise  the  effort  required 
to  Implement  it.  Often  test  results  rvill  be  disappointing  aind  frustra- 
ting. It  will  seem  that  there  Just  isn't  any  way  possible  to  make  that 
cable  plant  perform  as  it  should.  There  is  a stixing  temptation  to 
rationalize  and  say  "ftoybe  we  are  gettir^  all  we  can  out  of  this  equip- 
ment" or  "That  station  ground  system  is  the  P-SAL  cause  of  the  problem." 

This  Is  v;here  determination  ar.d  perserverajice  really  count.  Tne 
troubleshooter  is  there  to  do  a complex  Job.  He  is  utilizing  consider- 
able manpower  resources.  This  may  be  the  only  opportunity  for  the  site 
to  get  these  baseband  cable  plant  problems  corrected  for  a long  time  to 
come.  If  he  quits,  a lot  of  hard  work  by  a lot  of  people  is  thrown 
avmy.  If  he  stays  on  the  Job  until  he  solves  the  problem,  the 
increased  perfonianoe  in  the  system  will  be  a source  of  pride  auid 
accornpl  is^iment  to  all  who  participated.  The  troubleshooter  is  then 
ready  to  tackle  his  next  basetmued  cable  plant  with  a confidence  born 
from  success.  Tlic  going  may  not  get  easier,  but  ho  knows  he  con  do 
it  if  ho  sticks  to  the  rules  outlined  in  this  paper. 
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7»2  Troubleshooting  the  Baseband  Cable  Plant 


Toohnlques  havo  already  been  provided  for  facility  and  system 
testing  the  basebemd  cable  plant  but  it  Is  well  to  list  the  defects 
found  to  date: 

1,  At  the  top  of  the  list  wo  have  to  place  Improper  'ITIIAX 
connector  and  BNC  connector  assembly.  Defects  are;  shields  not 
continuous  through  connectors;  center  conductors  not  soldered,  or 
twisted  off  during  connector  assembly;  and  shorting  together  of  outer 
emd  inner  shields  through  lack  of  understanding  of  cable  Installation 
requirements, 

2,  Connection  of  the  X-Y  strapping  In  the  A>lAJCC-4  combining 
panel.  This  has  caused  ground  loops  in  the  baseband  cable  plants  and 
in  one  instance  severe  crosstalk  between  adjacent  multiplexes  (Hill- 
ingdon North  and  East  systems). 

Improper  selection  of  single  ended  versus  double  ended 
grounding  of  the  outer  shields.  As  shown  in  Graphs  I and  II,  this 
factor  cau\  result  in  profound  dlfferonces  in  plant  isolation. 

Poor  Isolation  of  radio  and/or  multiplex  interface  compo- 
nents, Variations  from  know  configurations  of  input/output  interface 
components  or  equipments  should  be  tested  to  insure  that  they  display 
q sufficiently  high  degree  of  Isolation  to  Insure  that  the  absolute 
Isolation  of  the  baseband  cable  plant  meets  facility  requirements 
(MPI). 

8.  CONCLUSION 

The  infomatlon  provided  in  this  report  is  empirical  in  nature; 
the  proccdui'os,  mathematics  and  test  tectinlquos  cited  fill  an  Injuedlate 
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need  in  the  area  of  engineering.  Installation  and  troubleshooting  of 
baseband  cable  plants.  With  this  report  as  a guide,  it  is  now  possible 
to  systematioally  investigate  previously  Installed  baseband  cable  plemts 
and  correct  them  as  required.  That  substantial  Improvements  can  be  made 
in  presently  Installed  systems  has  been  well  established  by  the  progress- 
ive reduction  of  idle  channel  noise  and  crosstalk  demonstrated  on  the 
Hillingdon  North  sub-system  as  corTOctlons  were  made  to  its  baseband 
cable  plants. 

Inspection  of  other  wideband  facilities  such  as  Feldberg,  lAnger- 
kopf  euid  Rhein  Main  has  shown  the  same  installation  defects  discussed  in 
this  report  as  currently  existing.  It  remains  for  a team  to  be  trained 
in  the  troubleshooting  procedures  outlined  herein  and  a vigorous  pro- 
gram of  baseband  cable  plant  dlscreprmcy  clearance  to  be  initiated  on  a 
facility  by  facility  basis.  It  will  not  be  sufficient  to  clean  up  Just 
Air  Force  cable  plants;  Amy  must  be  fully  Involved  as  well.  We  are 
concerned  here  with  a system  and  we  are  dependent  on  Army  facilities  to 
cjirry  our  traffic.  It  is  readily  apparent  that  DCA  must  function  as  a 
coordinating  activity  and  that  a long  tern  plan  of  action  is  required 
in  order  to  insure  that  the  best  possible  perfomance  is  beirrg  pro- 
vided by  existing  facilities. 
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Excessive  Radio  Frequency  Interference  (RFI)  on  Baseband  Cable  Instalr 
latlon  for  Task  44  UK  (Your  Ltr,  11  Jul  77) 

AFCS/EPPD 

1.  An  evaluation  of  the  baseband  cable  problems  addressed  in  ECA/LG 
letter,  7 Jun  77  and  2130  CG/DOY  011400Z  Jun  77  was  completed  21  Jul  77. 
A report  is  bcinfi  prepared  and  will  be  distributed  to  all  concerned 
parties  on  completion. 

2.  Intcrin  information  is  provided  below  for  guidance: 

a.  A special  test  and  evaluation  team  composed  of  engineering  and 
installation  personnel  selected  from  all  concerned  AFCS  activities  con- 
ducted RFI  and  noise  perfomance  comparison  tests  at  RAF  Croiighton 
5 Jul  througli  21  Jul  77.  The  availability  of  a balanced  baseband 
cable  plant  installed  and  tested  under  Capt  Lcnclins'  supervision  pro- 
vided the  team  with  an  excellent  opportunity  to  test  and  evaluate 
objectively  the  relative  performance  of  balanced  and  unbalanced  cable 
plants  under  test  bed  conditions.  MSgt  Thebeau,  2130  CG  Systems 
Office,  assisted  the  team  throughout  testing  to  insure  the  integrity 
of  the  balanced  cable  plant  as  previously  configured  and  tested  and 
reported  on  in  2130  CG/DOY  0114002  Jun  77.  The  conclusions  reached 
by  the  team  v;crc  based  on  observed  test  results  and  wore  fully  agreed 
upon.  Oji  conclusion  of  testing,  the  team  provided  a briefing  to  the 
2150  CG  coEXiandcr  and  his  staff.  The  elements  of  this  briefing  are 
cited  as  follows: 

(1)  Both  balanced  and  unbalanced  cable  plants  wore  tested 
prior  to  troubleshooting  of  the  unbalanced  cable  plant  installation  to 
provide  u data  baseline  for  later  comparison  with  a correctly  installed 
unbalanced  cable  plant.  Each  exhibited  degraded  noise  performance. 
Wliereas  tlie  unbalanced  cable  plant  degradation  was  readily  observable, 
the  degradation  suffered  by  the  balanced  cable  plant  was  reduced 
sufficiently  that  substandard  performance  could  only  be  shown  by  com- 
parison with  a properly  installed  b.alanced  cable  plant  or  recognized 
through  previous  experience  in  balanced  cable  plant  testing.  (Note 
para  3 of  liQ  AFCS/LP  061505Z  Jun  77).  The  danger  posed  !icrc  by  the 
balanced  cable  plant  is  that  it  reduces  the  effects  of  improperly 
installed  cabling  yet  precludes  attainment  of  optimum  baseband  Inter- 
face performance.  Tliis  type  of  low  grade  degradation  can  exist  in- 
definitely with  poor  system  porfonnanco  attributed  to  radio,  nailtiplcx 
or  path  problems. 
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(2)  Actual  trouhlcsliootlnf.  of  tho  unbalanced  cable  plant  was 
accoaj)li3liod  by  use  of  an  ohirunotcr  and  visual  Inspection.  Other  test 
oquipnent  such  as  tost  oscillator,  frequency  selective  voltmeter  and 
spectrum  onalyicr  were  used  to  obtain  baseline  data  for  comparison 
testing  of  tho  two  types  of  cable  plants. 

(3)  Defects  In  the  cable  plant  were  isolated  to  cable  connec- 
tions in  the  multiplex  baseband  combining  panel.  Tho  outer  shield  of 
the  trlax  cables  wore  not  grounded;  preparation  and  dressing  of  the 
triax  cable  connoction.s  to  the  combining  panel  terminals  required 
reworking  to  insure  maxinua  cable  isolation  and  good  mechanical  strength. 

(4)  Tlic  defective  cables  wore  fouaid  to  be  common  to  both 
balanced  and  unbalanced  cable  plants.  On  correction  of  these  defects, 
both  cable  plants  showed  equally  high  performance  levels. 

(5)  Examination  of  the  baseband  frequency  spectrum  in  each 
cable  plant  sliowcd  the  RFI  rejection  of  both  balanced  and  unbalanced 
cable  plants  to  be-  fi-oquency  dependent.  Tliat  is,  neither  type  of  cable 
plant  showed  a consistant  improvement  over  the  other  in  Rfl  rejection 
across  the  baseband  spectrum.  The  overall  RFI  performance  of  the  two 
cable  plants  averages  out  when  the  full  baseband  spectrum  is  considered. 

(6)  Comparison  of  relative  merit  and  installation  requirements 
for  the  balanced  and  unbalanced  cable  plants  were  made  by  the  team. 

The  conclusions  reached  were: 

(a)  Proper  installation  of  balanced  cable  plants  requires 
the  same  level  of  training  and  degree  of  care  as  installation  of  un- 
balanced cable  pl.ants. 

(b)  The  reliability  of  a balanced  cable  plant  is  reduced 
by  the  increased  population  of  connectors  and  addition  of  transferrmors . 

(c)  Eased  on  all  relative  performance  tests  made  to  date 
(SCO  atch  J,  2,  and  3),  there  is  no  justification  for  further  expenditure 
of  funds  for  design,  development  and  installation  of  balanced  baseband 
cablo  retrofit  packages  for  A.\7L)CC-4/radio  interfaces. 

b.  ‘Hie  widespread  belief  tliat  there  have  been  balanced  cablo 
plants  installed  c:i  tlic  Feldbcrg-Langerkopf  link  that  have  shown 
superior  RFI  and  r.oise  porfonnance  to  unbalanced  cable  plants  was 
conclusively  disproved  to  tl;e  satisfaction  of  all  interested  parties 
through  cxiiaustivo  tests  conducted  at  Feldberg  and  Langerkopf.  It 
appears  that  the  circumstances  surrounding  those  tests  and  the  results 
thereof  did  not  receive  sufficient  dissemination  to  the  field.  There- 
fore, a sliort  Ijistory  is  provided  hero  along  with  attachments  to  rectify 
this  situation;  On  30  Jan  1975,  a memo  prepared  by  HSgt  Cathcart 
"proving  tiie  superiority"  of  balanced  baseband  cables  over  Ui»ba4anccd 
baseband  cables  and  dcthlling  methods  used  to  install  the  balanced 
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CAblo  plants  in  lieu  of  existing  unbalanced  cable  plants  was  forwarded 
fron  Dot  12-1945  CG  to  1915  CG/DO.  Tiie  justification  for  switching 
from  the  originally  installed  unbalanced  cable  plant  to  the  balanced 
cable  plants  on  tiiis  link  was  the  excessive  crosstalk,  thought  to  bo 
taking  placo  between  the  unbalanced  cables.  Subsequent  testing  of 
the  balnjiced  cable  plant  installed  by  .'!ogt  Cathcart  verified  that  its 
perfomance  wiien  evaluated  in  terns  of  Langerhopf  received  noise 
levels  was  better  than  tho  original  unbalanced  cable  plant  by  on 
average  of  2.32  dll  (3KC  Flat),  however,  when  tho  unbalanced  cable 
plant  was  installed  correctly,  tlic  unbalanced  cable  plant  performed 
on  average  1.9  dD  (3KC  Flat)  better  than  tho  balanced  system.  bTiat 
is  important  to  iioto  here  is  a fact  not  given  duo  recognition.  Tliat  is, 
tiuit  the  balanced  cable  plant  was  operated  with  a transmit  level  of 
plus  1.5  dBm  whereas  tho  unbalanced  system  operated  at  a transmit  level 
of  ednus  20  dBm.  This  dlfieronco  in  transmit  level  by  itself  should 
have  afforded  tho  balanced  cable  plant  a 21.5  dB  improvement  in  cross- 
talk rejection  and  noise  performance  advantage  over  the  unbalanced 
cable  plant.  As  this  improvement  was  never  realited  (this  is  shown  by 
the  crosstalk  and  noise  data  taken  at  Langerkopf),  it  serves  to  enphasite 
the  poor  isolation  characteristic  norr'ally  observed  in  balanced  cable 
plants.  Complete  documentation  of  the  forementioned  testing  was 
distributed  by  TSgt  Engel , Det  12-1945  CG  on  14  Aug  75,  Baseband  Cable 
Configurations.  T)ie  testing  of  these  cable  plants  was  fully  supported 
by  FCA/LC/EP  and  was  accor.plished  by  direction  of  /d^CS/EPE.  A report  on 
the  results  of  this  testing  is  contained  in  ECA/EPE  0315202  Aug  75 
(atch  2). 

5.  A project  to  develop  FD.'!  baseband  cable  plant  E5I  standards  has 
boon  established  by  1842  EEG/EETTi!.  This  project  provides  for; 

a.  Furtlicr  investigation  into  A;;/UCC-4  cultiplex/radio  interfaces 
with  tho  aim  of  substantially  reducing  or  eliminating  the  effects  of 
RFI  on  mission  cliannols.  Compatibility  of  FDM  and  digital  baseband 
cable  plants  will  be  determined. 

b.  Preparation  of  definitive  E?rl  standards  wJiich  will  insure  tho 
correct  installation  of  baseband  cables  in  a standard  configuration. 

c.  Preparation  of  a toch.nical  report  on  baseband  cable  plant 
interfaces:  installation,  r.iiritenaTiec  and  testing. 

As  the  technical  expeTti^■■^  for  baschr-nd  cable  plants  resides  in  ECA/LG 
and  1842  EEG,  ti\o  successful  accomplishment  of  this  project  will  require 
ECA  support  during  certain  phases  of  this  effort  to  insure  tJiat  tho 
products  produced  are  technically  acceptable,  supportable  and  in 
consonance  with  LG\  requirerents.  'fiio  scope  and  potential  impact  of 
this  project  on  ECA  mission  necessitates  tliat  ECA  bo  kept  abreast  of 
its  progross.  An  exchange  of  infor'.iation/rcconncnJations  with  tho 
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project  office  is  encouraecd. 

4.  EGV/LG  observation  that  inplonontation  of  fiber  optics  cable  plants 
Is  man/  years  dov/n  the  road  Is  realistic.  A cautious  approach  to 
■ceeptanco  of  tills  typo  of  fix  as  a cure-all  Is  in  order.  Use  of 
fiber  optics  In  un  analo,''  Interface  for  FDM  multiplex  and  radios  Is  a 
new  area  of  application.  Until  a prototype  optical  cable  plant  is 
available  for  testin;;,  an  assessment  of  its  acceptability  cannot  bo 
Bade.  The  presently  installed  unbalanced  cable  plants  are  virtually 
noise  free  with  only  a limited  number  of  channels  affected  by  near  end 
RPI.  Tho  sole  advantage  In  use  of  a fiber  optics  cable  plant  is  to 
eliminate  near  end  RFI  (distant  end  RFI  will  still  affect  local  channels 
to  same  degree).  Recent  testing  of  baseband  cable  plants  at  RAF 
Croughton  suggests  that  RFI  is  being  picked  up  in  the  multiplex  com- 
bining panel  as  well  as  induced  in  baseband  cables.  Sliould  this  be 
verified,  a fiber  optics  cable  plant  will  provide  only  a partial 
solution  to  the  RFI  problem. 

5.  In  summary,  it  is  felt  that  sufficient  testing  of  balanced  versus 
unbalanced  cable  plants  has  been  perfomed  to  establish  that  no  sig- 
nificant inprovenent  in  baseband  cable  perfomanco  can  be  expected 
from  conversion  of  existing  unbalanced  plants  to  balanced  configura- 
tions. Use  of  available  monetary  and  technical  resources  can  best  be 
used  to  insure  proper  installation,  understanding  and  maintenance  of 
the  existing  cable  plants.  ■ Full  cooperation  of  all  AFCS  elements  will 
be  needed  to  acliicvo  this  end.  As  improvements  in  existing  plants  are 
developed  and  alternate  baseband  interface  methods  become  available 
they  will  rocoivo  careful  evaluation  with  area  participation  requested 
prior  to  inplcmcntation  in  the  field. 


SIGNED 

3 Atch 

WAYNE  F.  WILSON 

1.  ECA/EPZ  0S1403Z  Anr  75 

2.  AFCS/EPE  161450Z  Jul  75 

Chief.  Transmission  Sys  Bx 

3.  Det  25-1945CG  251500Z  Jul  77 

Cy  to:  AFCS/EPE 
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iM  CLT  Lcc  LMirrnKOPF  cc/cc 

t i.;  KUKJJVA  f./Lv3.1.iEp.. '<ICHA'tUG  CC3AUR  AP;)  riO/CET’^ 
iM  0 PLM<Tf,  fi^HG  _AF'cS  niCHAROG  CEBAUR  AFO  MO/CP/LC 
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UKCLAS 

bUjJ:'  EXCESSIVE  RFI  AT  RAF  CROUGHTON 
lASK  AA(UX)  SCHEME  OIGSAMLO 
Kir:  A.  HR  A''CS/rP  CRISOSZ  EUL  77 
13.  rCA/LG  2312322  JUL  77 

i.  CCA  FNGIMEERINC  REPORT  ON  iCCPF  CCMM  'BASEBAND 

^a3L£  PLANTSf  ENGIMC'RING  INST  ALL  ATION » AND  TES'^INC  5 SEP  1975 

1.  INVESTIGATICN  AND  TESTING  OF  TASK  4 'I  SA'SESAND  CABLE  PLANTS  AT  RAF 

-Kl'UCPTOt;  Air  RAF  UXBRIDGE  CURING  5 THRU  21  ; 

JULY  1977  PECCNFIRH  FINDINGS  AND  INS T RL'CT JCNS  PROVIDED 

iN  RC"  c: 

r-AGt'  7 RHFRAAr4  53A  UOCLAS 

IRIAX  tUNEALANCEC)  CAGLE  PLANTS  PROVIDE  EXCELLENT  FERFCRMANCF 
••il'M!  INSTALLED  lAW  INSTRUCTIONS  PROVIDED'. 

:3.  BALANCED  CAGLE  PLANTS  PRuVI<OE  NO  IMPROVEMENTS  IK  RFI  OR  NOISE 

i'lkformance  cver  unbalanced  cable  plant  performance. 

BALANCED  CABLE  PLANTS  MUST  BE  PROPERLY.  INSTALLED  TO  ACHIEVE 
niE  SAME  LEVEL  OF  PERrO'’HANCE  OBTAINED  ^RCM  UNBALANCED  CA3LE  PLANTS. 
INPRCFERLY  INSTALLED  CABLE  PLANTS  MASK  INSTALLATION  OEFESTS 

MUST  BF  CCRRECTED  TO  ACHEVE  THE  HIGH  PERFORMftN'CE  A CORRECTLY 
M ALLEC  CABLE  PLANT  PROVID'‘S. 

DURING  Tur  EVALUATION  OF  BALANCED  VS.  UNEALANCED  CABLE  PLANTSr 
juuC>E'‘T  THAT  ANY  TESTTN'G  CE  CCNDUCTED  UNDER  CAREFULLY  CCNinOLLEC  CCN 
..jliIONS.  any  defect  in  the  test  INSTALLATICN  MAY  LEAD  TO  FALSE  FCR- 
ruK^ANCE  INDICATIONS. 

~M.  STOECKLE  SENDS. 
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;?51.?  5P^  J'IN  77  23 

rr  rc  A /[r  c /lc 

ro  w!j:<ta:.\/iiq  iiTrinRo;;  cr-jAWR  akt  t'0/LC/Po/''P 

ir'i  0 riiKi  AAAv/ieMiTrG’ir;rcMAi"P''.  ccpaur  Ar“  ‘M0 — 

■ >:iic:t)'’jA/ri4  If  r5  c.r;  irFics  Af :iY/n>rc 
!‘i:cLLr  ^/i<:2^'■xG  urrsL'i.  atC)  i'.s/''pr 

C'JO'JMAA/  *1  JPCG  RAP  C:nUGt:TO;i  •JK/LC;I1/X.TP 
PDCorjA/ii f>5r jG  ciarrrsc  apb  i.v/iTT/cPir 
lUirLOJA/l-UlCGG  RiriN  iiAlM  AH  GP/LCM 
ZPN/O':!  2G  10‘iGCG  LAr.CCRKOPP  CC 
OT 

UnCLAS 

jL'cj:  exc'Sgive  rpi  at  rap  crougi'.tcn  task  'm  tuio  sctirpL'  cissAfiLO 

A.  N;A/EP::  ZCn.TdZ  JUN  77 
E.  NCA/CPt  I'tlf’ccr  J’J'v  77 

C.  ArcS/i.OY  I'lJGGCZ  JUN  77 

D.  ia'i2Zr.‘J  lamOGZ  j’j:j  77 
C.ECA/DOY  TC1M34Z  olKI  77 

P.  ZlSCCG/rOY  GllAZ'lZ  JUN  77 
G-*,,DCA  NOTICE  310-70-1  SP?  7,5 
PACE  2 Riirr<  5At'33‘»r.  unclas 

»!.  AFCS/nC  (S>  LTR.  27  SPP  7B  t TPST  RPPCRT  OICITAL  rUPCPP'M  TACK- 
BONE  OEB)  VS  FLECTRCN'IC  V/ARriR'^  (EW). 

I.  EGA  ENCTMEPRING  R''PGRT  ON  SCOPE  COI'M  PAST  PANG  CAS  L-  PLAt.'TS* 
CNCINEERir’e  installation  ant  TESTlr;G  tNOTAL). 

J.  ENC  report  AFCS  12,30  PI  GP -EH C-75 -G S IK TT R P 1 P. E ^.•C E TO  A’;/0CC-'4 
NULTIPLEX  rcUIPHENT  AT  StlECTED  SCCPE  COHN  SITES  25  AL’C  - c CP 
75  UiOTAL). 

1.  REPS  C ANT  P HAVE  PRESENTrO  CUR  FlHDIt.'CS  CN  THE  SU  ST  .t  NT.  A RO 
PLRE0Rf1AN''E  NOTEO  IM  TH'"  TASK  44  UK  SYSTEM.  RTFS  C ArP  0 ^ 

DRESS  NEAR  TERM  ACTIC^.'S  THAT  CAN  BE  TAKEN  TO  CORRECT  THE  RPI 
CCf.’OITIOtlS  f'PINC  NCTTO.  THE  COMllENTS  COM  AICPT  i;;  REF  C TIHAT 
22  30: 0 TEST  RESULTS  PAY  P.f  INVALID  PIJ-  TO  TRIAX  I.NSTALLAT:  ."^I 
■CEFICIENCIES.  WHICH  TP.E  CULY  NCTLTi  SUrSTANTIAT: 


231,2  T' 


K/’/r.  APf AnrNTLY  rniLfi  to  PRonucf  a u^iAnir  i att cn  in 
TASK  ••>«<  (UK>.  AS  WITH  TV  lous  scopp  '*0(1  M clt  am  l rrrorjTS  t wr 
arc  rcNriPfriT  that  thc  rtt  pwohlths  now  nrino  noTtn  Ar  task  'ci 
UK  siTrs  PCULP  sr  rpsclvi  p usinp,  rtir  rxprinisr  or  hr.  i.TO’"CKL‘' 

AND  OTlIiSR  0/M  nrSOURS'-S.  wr  no#  HO\/rVCRt  OnTR  STRorJG  o?jrc- 
TICN  TO  ACATM  nflMC  nvOUIRTP  TO  PfSOLVr  Tprsr  RrCURRIJ.C  CrGin'TR- 

iNc  DiTirirnrii  s.  it  is.  wr  ocLirv'-,  a rirricirnry  that  pan  nr 

BCST  CORRCPTrP  SY  Rr>~f|(.lNr[  RING  AN>-  INSTALLATION  OF  RALAHCrP 

COAX  c adl;  s.  parly  astivatioh  or  task  cjk)  is  or  sr'- cia'l ’corh 

CERN  FOR  Tnjr  tni-ATPR  AS  IT  rMHAMCPS  COM  MU  tJ  IC  A T I OM  C AP  A ? IL  I T IPS  . 

IS  esslmtial  por  irarRFAcr  with  thf  hst  at  crcuchton  alp  will 
sicNir I camtl Y RPoucp  oirricuLT  support  nrouiRLMrnTS  for  m,ar- 
coni/atsc  pourPMFNT.  wr  must.  Howrvrn.  take:  tup  positidm" 

THAT  standard  INSTALLATION  TFCHHlGUrS  MUST  ISSURP  QUALITY  Sf R- 
VICE  AMD  NOT  nroUIRP  SPUCIALlZrn  CORRFCTIVr  ACTIORS  TC  ACKI e 

THE  prnroRMAM^r  stamparrs  for  which  the  system  was  opsiGrro. 

WE  D.P.LIEV:  THE  2130CG  TEST  RFSULTS  ARE  VALID  A m'd  "SE  RV'' D TO  RE- 
EMPHASIZE THE  REI  PRORLEMS  ASSOCIATEP  WITH  UN^ALAIiCEP  TRIAX 
PAGE  4 RHF  RAA''.3345  U?^!CLAS 

CA3LES,  THE  R"!  PROSL^’M  WITH  TRIAX  CA3LE  I R ST  A LL  A TI  OrJ  HAD 
PREVIOUSLY.  AN’P  HAS  rOAiN,  DECN  VEPIFIFP  ARP  WHILE  CORRECTABLE 
TO  VARYING  DECREES.  VE  BELIEVE  THE  TOTAL  SOLUTION  RESTS  WITH 
THE  USE  OF  CALANC^P  CAELFS. 

4.  BEFORE  wr  COMMIT  E/M  RFSOURCES  TO  THE  CCRRECTION  OF  THi*  pr- 
riCIENCY.  NPA/AECS  SI-IOULC  FIRST  VALIPATE  THAT  THE  I :.'S  T A LL  AT  I ON 
HAS  CECN  ACCO!!PLI  SHED  lAW  RT  I/J  . SHOULD  IT  REMAIN  NICESSARY 
FOR  ECA  TO  PROVIDE  ASSISTANCF.  AND  TOTAL  COR R ECT I ON/E LIMI LA T I CM 
OF  RFI  ON  TRIAX  CABLES  IS  NOT  ACHirvEP.  OUR  RECOURSE  FUST  D>'  TO 
CITE  EXCEPTIONS  ON  ACCEPTANCE  DOCUMENTS  FDR  '’OLLOW-ON  C OFf- 
RECTIVE  ACTION  BY  NCVAFCS.  AND  IF  ECA  ASSISTANCE  IS  RE  QUI  Rp:^  , 
wr  FEEL  IT  should  HE  PROVIDED  TO  THE  ENG  I N E E R I NG  / 1 r;S  T A LLA  TI 0 N 
AGENCY  IN  COOP'-RATIOA!  WITH  AN  ON-SJTE  ENGIN’'<^R. 

BT 

«3345 

NNNN 


BBlAV/iiABlE  COPJ 


ROUTINE 


D-7 


ROUTINE 


302 


<TTU2YUw  RUFFECA1062  098 1 5<.6-UL'UU — HU<TAAA. 

ZfJR  UUUOU 

R OeiAObZ  APR  75 

FM  ECA  LINDSEY  AS  GER/EPZ 

TO  AF(;S  FICHARDG  GECjaUR  AFi  MD/EPECP /FPPD/ EPP/OA 

BT  . — 

UNCLAS 

SUBJ:  REPLACEMENT  OF  TASK  21  ENGLAND  BASESAND  CABLES  AT  HILLING- 

CON*  BAkKrtA^  * k.ETHERSFIELD  AND  MA^TLESnAM  nEATH 

ref:  telecom  MR.  wALDRON*  AFCS/EPEC*  and  MR.  LADIEU*  ECA/EPZ 

1.  nEa  oAsebano  Cable  interfaces  replacing  prcviously  used 
COMPOSITE  cables  HAVE  BEEN  INSTALLED  AT  HILLIuGDON,  BARKWAY* 
•kETriERSFIELD  AND  F.ARTLESHAM  HEATH.  ThIS  ACTION  HAS  CLEARED 
NUMEROUS  BASEBAND  CABLE  PLANT  DISCREPANCIES*  PROVIDED  ENVIRON- 
MENTAL PROTECTION  FOR  CABLES*  ELIMINATED  75/12A  OHM  IMPEDANCE 
MATCHIf.G  transformers  AND  SIGNIFICANTLY  IMPROVED  THE  NOISE  PER- 
FORMANCE OF  THE  HILLINGDCN  NORTH  AND  EAST  SYSTEMS. 

2.  THE  NEW  BASE  BAND  INSTALLATION  UTILIZES  TRCMPETER  TRC-75-2 
75  OHM  TRIAX  CABLE  AND  PROVIDES  FOR  DIRECT  75  OHM  CABLE  INTER- 
FACE BETWEEN  F.ULTIPLEX  AND  RADIO  TnROjGH  THE  « I DE  BAND  PATCH 
bay,  minimum  installed  ISOLATION  OF  THESE  CABLES  MEASURED  FROM 
RADIO  TO  multiplex  COMBING  PANEL  IN  FREOUENCY  RANGE  OF  60.<C  TO 
page  2 kUFFECAl062  UNCLAS 

3000KC  IS  95DB  rtITH  AVERAGE  ISOLATION  OF  llCDo.  RECEIVE  LEVEL 
OF  -15DBM  AND  TRAf^SMIT  LEVEL  -A5BBV.  IS  UTILIZED  wITH  NO  DEGRA- 
DATION FROM  CROSS  TALK. 

3.  TYPICAL  3KC  NOISE  AND  ISOLATION  AVERAGE  RESULTS  OBTAINED 
BEFORE  CUT  TO  NEW  CAbLE  AND  AFTER  ARE  PROVIDED  oELOW  FOR  FOUR 
GROUPS  IN  SUPERGROUP  A*  BETWEEN  HILLINGDON  AND  MARTLESHAM  HEATH; 
BEFORE 


HIL 

REC 

MAM 

REC 

3KC  DBMO 

X- 

TALK  DB 

3KC  OoMO  X-TAL<  DB 

A/1 

57.3 

5A.A 

60.  A 

55.6 

A/2 

60.7 

58 

62.5 

58. A 

A/3 

60.6 

58. 

6 

59 

58.6 

A/A 

61 

57 

59. A 

56. A 

AFTER 

HIL  REG 

MAM  REC 

A/1 

3KC  DBMO 

X- 

TALK  DB 

3KC  DBMO  X-TALK 

A/I 

62.8 

61. 

5 

62.  A 

57.5 

A/2 

6A.8 

62 

6A.8 

60 

D-8 


64 


57 
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4/3  64  62 

4/4  65.4  61.5  65  58 
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3.  biMiLAR  IMPROVEMENTS  IN  ICN  AND  CROSS  TALK  WERE  NOTED  AT 
HILLINGDON  NORTH  TERMINALS*  ALLCONbURY*  WEThtR SF I ELD . MILDEN- 
HALL  AND  LAKLNhEATh.  NOISE  PERFORMANCE  ON  THE  HILLINGDON  EAST 
SYSTEM  IMPROVED  AND  AVERAGE  OF  aOB  IMMEDIATELY  Of4  CHANGE  OUT 
OF  DASE  BAND  CABLES. 

4.  A REVIEW  OF  CURREfJT  LPAP  DATA  BEFORE  AND  AFTER  THE  20  MAR 
75  CABLE  CHANGE  OUT  CLEARLY  SHO«*S  THE  MARKED  IMPROVEMENT  IN 
TASK  21  ENGLAND  SYSTEM  PERFDRMAriCE  OBTAINED  AND  ILLUSTRATES 
THAT  PROPERLY  ENGINEERED  AND  INSTALLED  7S  OHM  TRIAX  BASEBAND 
INTERFACES  PROVIDE  EXCELLENT  RESULTS.  CURRENT  SUGGESTIONS  TO 
USE  PSEUDO-BALANCED  CABLES  WERE  PREVIOUSLY  CONSIDERED.  RELATIVE 
ISOLATION  TESTS  WERE  PERFORMED  AT  hILLINGDC.N  USING  BOTH 
TRUMPETER  T'rtINAX  TWC-124-2  AND  TRQMPETER  TRIAX  TRC-75-2.  RESULTS 
showed  TRIAX  CABLE  TO  HAVE  SLIGHTLY  BETTER  (lUDB)  ISOLATION  THAN 
TWINAX  (BALANCED).  WHEN  ADDITIONAL  ISOLATION  LOSSES  ATTENDANT  TO 
utilization  of  IMPEDANCE  MATCHING  TRANSFORMERS  ^AS  CONSIDERED*  IT 
WAS  EVIDENT  THAT  TRIAX  CABLE  WOULD  YIELD  BETTER  IbCLATION  FOR  THE 
BASEBAND  INTERFACES.  TnlS  HAS. PROVEN  TRUE  IN  PRACTICE  AS  IS 
EVIDENCED  BY  THE  IMPROVED  CROSS  TALK  PERFORMANCE  3H0/»N  IN  PARA  3 
ABOVE  WHERE  PSEUDO-BALANCED*  TRANSFORMER  COUPLED  BASEBAND  INTER- 
PAGE 4 RIFFECA1062  UNCLAS 

FACES  WERE  REPLACED  BY  DIRECT  CABLED  TRIAX.  CONVERSION  OF  BASE- 
BAND CABLE  INTERFACES  FROM  TRIAX  CABLING  TO  PSEUDO-BALANCED 
CABLING  WILL  NOT  YIELD  BETTER  SHSTEM  PERFORMANCE.  ON  THE 
CONTRARY*  SYSTEM  DEGRADATION  SHOULD  BE  EXPECTED  ALONG  WITH  A 
REDUCTION  IN  RELIABILITY  DUE  TO  ThE  NEtD  FOR  ADDITIONAL 
TRANSFORMERS  (4)  AND.  CONNECTORS  (8).  MAINTENANCE  RECORDS  WILL 
VERIFY  THAT  CONNECTORS  TEND  TO  BE  THE  MAUOR  PROBLEM  AREA 
A5S0CI.ATED  wITH  BASEBAND  CABLES  AFTER  INSTALLATION.  TRANS- 
FORMERS PROVIDED  TO  THt  AIR  FORCE  WITH  KAR  KAR  BASEBAND  AMPLI- 
FIERS HAVE-  FAILED  ON  SEVERAL  OCCASIONS  TO  DATE  DURING  USE  IN 
base-band  cable  plants,  an  INSPECTION  MADE  AT  RHEIN  MAIN  OF  A 
PSEUDO-dALANCED  fix  revealed  THAT  THE  FIX  SERVED  ONLY  TO  BREAK 
A ground  LOOP  CONDITION  WHICH  EXISTED  AS  A RESULT  OF  A MINOR 
INSTALLATION  ERROR. 

5.  A NEED  FOR  BASEBAND  CABLE  ANALYSIS  AND  CORRECTIONS  EXISTS 
AT  ALL  AIR  FORCE  SITES  WHERE  AUGSBURG  UPGRADE  EUUIPMENT5  ARE 
INSTALLED.  THIS  PROBLEM  HAS  BLEN  DISCUSSED  w I TH  DCA  EUR  WITH 
THE  AIM  OF  CREATING  A DCA  SPGf.SURED  TEA,-l  TU  CORRECT  BASEBAND 
PROBLEMS  AT  AUGSBURG  SITES  AS  WELL  AS  AoGSBURG  IMPACTED  SCOPE 
COMM  SITES.  IT  IS  IMPERATIVE  TH 
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T SUCH  A TEAM  BE  TRAINED  IN 
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ANALYSIS*  TEST*  INSTALLATION  AMD  CUT  OVER  TECHNIQUES  AS  ! 

DEVELOPED  FOR  THE  HILLINGDON  NORTH  SYSTEM.  MR,  LAUIEU*  ECA/EPZ  ; 

{ENGINEER)  AND  MR.  STOECKLE.  ECA/EPZ  ( TECHM  C I Al.)  * PERSONNEL  WHO  i 

HAVE  LEEN  CON  T I iNUOUSL  Y INVOLVED  IN  THE  HILLINGDON  NORTH  UPGRADE. 

ARE  CURRENTLY  TASKED  wITH  SCHEME  PREPARATION  FOR  SCOPE  COMM 
cleanup,  current  schedules  will  not  permit  their  PARTICIPATION 
IN  THIS  BASEBAfiD  CORRECTIOiJ  EFFORT. 

6.  INSPECTION  OF  AUGSBURG  RADIO/HUX  INTERFACES  AT  FELDBERG  AND 

LANGERKuPF  show  BASEdAND  INSTALLATION  ERRORS  TO  bt  CLEARLY  EVI- 
DENT. IMPROPER  BASEBAND  INSTALLATION  ON  THE  AUGSBURG  EQUIPMENTS  ’ 

RESULTS  IN  NOISE  AND  CROSS  TALK  DEGRADATION  OF  CO-LOCATED  SCOPE 

COMM  EQUIPMENTS.  A CONSERVATIVE  ESTIMATE  OF  NOISE  REDUCTION  AT 
LANGERKOPF  through  correction  of  AUGSBURG  BASE  BANDS  IS  ADB 
AVERAGE.  SUCH  CORRECTIVE  ACTION  WOULD  REQUIRE  FULL  COORDINATION 
AND  SUPPORT  FROM  ASSOCIATED  ARMY  TERMI/*ALS  IN  ORDER  TO  DEVELOP 
BASELINE  DATA  BEFORE  AND  AFTER  CUTOVERS.  IT  IS  ESSENTIAL  TH 
T ' 

ANY  SYSTEM  DEGRADATIONS  OCCURRING  DURING  BASE  BAND  CHANGE  OUTS 
BE  IMMEDIATELY  ANALYZED  AND  THE  CAUSE  IDENTIFIED  EITHER  AS  BASE 
band  or  EQUIPMENT  CONNECTED.  EXPERIENCE  HAS  SnOwN  THAT  EQUIP- 
MENT DEGRADATION  TALKING  PLACE  SIMULATAnEOUSLY  WITH  BASEBAND 
PAGE  6 RUFFECA1062  UNCLAS 

REPLACEMENTS  IS  GENERALLY  CONSIDERED  AS  BASEBAND  FAULTS  UNTIL 
PROVED  OTHERWISE. 

7.  THE  FOREGOING  INFORMATION  IS  PROVIDED  lArt  REFERENCED  DIS- 
CUSSION. further  INF^ORMATION  IN  REPORT  FORM  MuST  BE  HELD  IN 
ABEYANCE  PENDING  COMPLETION  OF  SCOPE  COMM  SCHEME  EFFORT. 
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SUhJ:  LANGB.^KOPr  GROURD  AHD  NCI  St  PROBLEMS 

RLK:  a.  our  111A2CJZ  A.;G  7S  (NOT  At)  ' 

b.  YOUR  ZOlblSZ  OCT  7S  (NOIAL) 

1.  PRIOR  TO  THE  COMPLETE  CLOSE  OUT  OF  THE  SCOPE  COMMOFFICE  IN 
EUROPE  THIS  SEPTE:-,HLR.  .'■.R.LA  OILU  COmPLLTLO  A FULL  REPORT  OF 
FK.OIi'IGS  and  RLCO.M-iLNOLO  baseband  CAril  t ENGINEERIkG  PRACTICES.  A 
COPY  OF  THAT  REPORT  ..AS  RECENTLY  SENT  TU  -TO  AF CS/ EPEC / LGMSR / DO YM . 

2.  MR.  STOECKLE.  formerly  ATTACHED  TO  ECA/EPZ.  SCuPE  COMM,  HAS 
transferred  to  LAKGLKCOPF.  he  HAS  CONTINUED  TO  PURSUE  AN  INVESTI- 
GATION INTO  The  f;JSIL  PROBLEMS  SUP5ECTED  TO  BE  v.  1 1 H I N THE  CABLE 
PLANT  AT  LA  iGERCOPF.  MR.  STOLCK.LL  AND  PERSONNEL  FROM  BOTH  THE 
19ASCG  AND  DET  2S  RECENTLY  IDENTIFIED  ANOPEN  IN  THE  OUTER  SHIELD  OF 
page  2 RUD0ECA3S12  U.'.CLAS 

ONE  OF  THE  TRANSMIT  bASLBANO  CAtiLES  ON  THE  LINK  TO  VAIHINGEN  THRU 
FRlOLZHEIH  and  STUTTGARI.  REPAIRING  THE  OUTER  SHIELD  CONNECTION 
REDCrS  the  IDLE  ChAcNNEL  NOISE  SEEN  IN  A GROUPS  AT  VAIHINGEN  SIGNIFI- 
CANTLY. PMP  DATA  SHO.,S  A CONSTANT  ICN  READING  IN  THE  LOAER  SO'S 
PRIOR  TO  CABLE  .REPAIR.  AFTER  CABLE  REPAIR  ICN  RCADINGS  ARE  APPROXI- 
MATELY -61  DBf'.O.  THIS  IFiPROVEMENT  ILL  BE  CLOSELY  MONITORED  BY 
ECA/LPL  TO  CONFIRM  CABLE  REAPIR  HAS  DEFINITELY  IMPROVED  SY5TE.M  PER- 
FORMANCE. MR.  STOECkLL  AND  OTHER  MAINTENANCE  PERSONNEL  ARE  PRL5E.NT- 
LY  DIRECTING  THEIR  LFFO.RTS  TO,-.ARD  THE.  L AMGLRKOPF-.M'UEHL  LINK. 

3.  ftITH  DELETION  OF  THE  SCOPE  COMM  OFFICE,  ENGINELRI.NG  RESPO.NS  I BE  I - 
TY  WAS  TRANSFERRED  TO  NCA/EPE  PER  AFCS  PAD  21-7S,  3 UUL  7S.  IN 
dealing  WITH  BASEBAND  CABLE  A.ND  CABLE  GROUf.OlNG  P.R03LtMS  PAST  EX- 
PERlENCtD  INDICATES  THAT  POSITIVE  RESOLUTIG.N  OF  PROBLEM  AREAS  CAN- 
NOT BE  EFFECT  I VLLY  HANDLED  BY  SHORT  TERM  TDY  PERSONNEL.  THE  LEARNING 
AND  EXPERIENCE  FACTOR  ON  BASEBAND  CABLE  PLANTS  IS  EXTREMELY  IMPORTANT. 
ECA/IP  IS  PRLSE.NTLY  WORKING  ON  A PROPOSAL  WHICH  WE  WILL  FOR.-.A.RD  TO 

HO  AFCS  AND  NCA.  THE  BASIC  RECO.MME'mDAT  1 ON  WILL  BE  TO  FORM  A SMALL 
TEAM  (MOT  UNLIKL  A SCOPE  CREEK  TEAM)  TFIAT  wILL  BE  DEDICATED  FOR  A 
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PtRIOl)  OF  TIME  TO  INVESTIGATING  AND  COHWECTING  BASEBAND  CABLE 
DLFlCIENCIES.  I EXPECT  THAT  SUCH  A PROGRAM  ^.’OuLD  PE  COST  EFFECTIVE 
PAGE  3 RUDOECA3'j1.!  UNCLAS  * — 

and  could  easily  be  used  on  NOM-SCOPL  comm  installations  aITHIN  the 

t DCS.  EXPERIENCED  PERSONNEL  IN  THIS  AREA  LIKE  MR.  LA  DIEU  OR  MR. 

STOECALL  could  be  involved  so  as  not  to  LOSE  THEIR  EXPERTISE  AND^ 
SHORTEN  TEAM  TRAINING  TIME. 

A.  THE  AC  POWER  GROUNDING  PROBLEM  REMAINS  A FIRM  TASXINS  TO  THE 
lb36EIS  PER  PARA  2 OF  REF  A,  AT  PRESENT,  AUGMENTATION  IS  DELAYED 

because  OF  higher  priority  workload. 
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AFC5  R1CHARE8  dEBAOR  APB  MOAT^ATBCR 
IMPOi  Vec  12  1945  CC»«  OP  PEUBEH)  OB 
X3CA  EUR  VAIEQCER  CS&/SA25 

incus 

SUBJi  TEST  OP  BASEBARD  CABLE  XtnSBPACE  FOR  FELISHRG-UHOERKDFP 
REPi  APCS/EFE  l6l45Ce  JUL  75 

1.  11311113  OP  SIHIQI'S  BASEBARD  CABLE  IMERFACE  CCMPORENES  lAW 
REP  MSO  WAS  ACCCI1PL13HED  4 AUO  75  OH  TOE  EEUBPRO-UHOERKDPP 
ST3TEM,  EWE  TO  UCK  OP  INSTALLa)  CAHLOD  PCR  Sin®I*S  ATTEHUA- 

TOR  IN  SHMEH'S  MUX  BAY  AT  LANOPEKOPP,  IT  WAS  HSCESSARY  TO  PRO-  ^ 

VUE  PADDUC  FOR  mANSMEr  WITH  ra-LDE  SmErUED  STEP  AraaiOATOR  c 

THSTATJ.ro  AT  RADIO  THIM  FTLIHI.  IHEERFACE  COHPrGURATION  AT 
PETJtBERQ  WAS  IBSTAIUED  AS  CRIOINALLY  IHIEHDEDi  OUTPUT  OP  MUX 
raAlCa-tIT  PASSED  TKROroa  BAY  CAHLIHO  TO  SIHIEH'S  ATTSNUATCR 
IHEM  THROUOH  SIH^Eie'S  150/75  0»5  HATCHDO  TRANSFORMER  TO  BASE- 
BAND CABLE. 

2.  UST  SBOUEICE  HAS  AS  POLLOWSi 


P.  U DIED,  03-12,  EEE,  2^405 

/ 

IAN  PEISllAM,  GS-15,  EPE,  24270 
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A.  BALANCED  CABIi  WUH  TRAIBPCBRI-IER  IMEH^EACB  AT  BOM 
FEIiB®0  AID  LANGHDCOPP. 

B.  UNBALANCED  CABLE  WTTHi  QRIOINAL  SIEMES'S  COMPONENT 
CONPICURATION  AT  rmBERC;  SIHIEN'S  mANSPORT-lSl  WITH  EXTERNAL 
ATTENUATION  AT  LANCEBKOPF. 

C.  UNBAIAHTED  CABLE  WUH  EXTERim  aSANSUCT  PADDIN3  AND 
SIEMEN'S  TRAIBPOKMERS  AT  BCDH  EEtlEEK}  AND  lANOEHKDPP. 

3.  nAT»  FOR  CROSS  TALK,  3 KD  FIAT  AND  C HSO  NOISE  WAS  RECORDH) 
FOR  ALL  CHANNELS  AND  AVERAGT3)  FCR  EACH  lEST.  RESULTS  WIRE  A3 

poncwsi 

FELCBERO  RECEIVE  (EVALUATES  lANQERKOPP  INIEREACE  PPHFORM- 
ANCE)| 


X-TALK 

3M5 

C K90 

SEQUENCE  A.  62.36 

62.75 

65.50 

B.  62,15 

62.70 

65,00 

P.  lADlEU,  03-12,  EPS,  23^03 
IAN  m/niAM,  QS-13,  EPE,  2^270 
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lANOniKOPP  RECEIVE  (EVAIZIAIES  FELEBERO  INTERFACE  PERFORM- 
ANCE). 

A.  59.50  59.80  61.95 

B.  5^.44  57.48  59.26 

C.  59.95  60.70  65.08 

4.  COHCLDSIONSi  LMCERKDPP  RECEIVE  DATA  SEQUENCE  B SHOWS 
CROSS  TAUC  TAKUD  place  in  SIEMENS  PAD,  AT  FELEBERG.  SEQUENCE 
B DATA  TAKEN  AT  FHXBERO  SHCWS  NO  SIGNIFICANr  DIFTEKQCB  IN 
UNBALANCED  VERSUS  BALANCED  CABLE  PERFORMANCE  AT  lAlCERKDPF. 

THE  SAME  EQUTVAIENCY  OP  PERFORMANCE  IS  SEEN  AT  FEUBERO  WHEN 
SEQUENCE  A AND  C FOR  lANDERKDPP  KiXEIVE  IS  CaiPARH).  DATA 
EEMOJBIRATES  "niAT  THE  EQUIPMENT  INEERPACE  CCMPONENIS  RATHER 
THAN  TYPE  OP  CABLE  UTILIZED  (BAIANCED  OR  UNBAIANCED)  ARE  DETHl- 
MHHNO  THE  PERFORMANCE  OP  THE  BASEBAND  CABLE  PLANT.  SIIMEM3 
FU60/120  MULTIPLEX  EQUIPIIEJrr  IS  DESIGNED  TO  OPERATE  BQI-IEVEL 
TRAlOOT/taCEIVE  AT  BASE  BAND  FREQUENCIES.  ATTSMPTB  TO  0P3UVTE 

► 
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P.  LA  DIEU,  GS-12,  EPE,  25405 
IAN  lELTHAM,  GS-15,  EPE,  24270 
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THIS  BlUIPMEaff  AT  -15/-45  IS3M  IBVELS  IHEEIMALLY  IN  MUX  RACKS 
CeiANDS  ^ IB  MORE  XSOLATION  THAN  NORMALLY  RBQUIREB  OP  BASEBAND 
INTERFACE  CCMFONEHIS.  DATA  SHUWS  MUX  TO  PALL  BERMES3I  5 TO  8 IB 
SHORT  OF  MEETDD  THIS  OBJECTIVE. 

5,  RBCOrflENDATlONSi  THE  DATA  SHOWS  THAT  THE  RELOCATION  OP  THE 
I50A5  OHM  INTBREACE  THAMSP0RMEH3  HAS  ACHIEVID  ADEQUATE  ISQIA- 
TION  BETWEEN  THEM.  THE  REMADEINO  PRCBtSM  IS  IN  THE  SIEMENS 
IHAICMIT  ATTENUATOR,  THIS  CAN  BE  OVERCOME  BY  IROVIDINO  AN  IN- 
LINE TRIAX  ATTENUATOR  FOR  INSTALLATION  DIRECTLY  IN  THE  REAR  OP 
THE  WIDEBAND  PATCH  FIELD,  THE  ATTENUATOR  CAN  BE  CONNEJCTED  TO 
THE  EXISmO  PARALLEL  NETVTQRK  ON  THE  BASEBAND  TRANSMIT  MODULES. 
THE  EXISTIND  TRIAX  TRAlBMtT  CABLE  CAN  CONNECT  DIRBCTLY  TO  THE 
ATTENUATOR.  AT  THE  MUX,  THE  SIQffiNS'S  PAD  CAN  HE  BYPASSS) 
MAKOm  POSSIHEE  INTERNAL  EQI-IEVEL  OPERATION  OP  THE  TPANSMEl/ 
RECEIVE  PORTION  OF  SIEMENS  MUX,  ORAMSmT/RBCEIVE  LEVELS  WILL 
BE  CARRIED  AT  A -15  IBM  lEVELS  IROM  IfJK  TO  WIDEBAND  PATCH  WHERE 

F,  lA  DIEU,  03-12,  EPE,  2^40? 

IAN  EELTHAM,  03-15,  EPE,  24270 
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BHAX  m LDE  PAD  WILL  PROVIDE  -45  EBM  LEVEL  FOR  WIDESAM)  PATCH 
APPEARANCE  AND  TCAN3-IIT  TO  RADIO.  CSnCHWL  BASIBAND  CABLUD 

nemiATiOH  will  be  utilized  as  dbtaimd.  recxmends)  in 

LDE  ATTENUATOR  IS  TOE  mSMPETER  nC-75-29  EB-TRIAX  MAIE  TO 
FTMALE. 

6.  ON  TOUR  CONCDEmCE  WITH  ABOVE  RECOJ'I-iainATION,  ACTION  lOTL 
BE  TAKEN  TO  IHOCURE  REQUIRED  ATTENUATOR  AID  AOCOMTLISH  INSTAIIA- 
TTON  THEREOF  AT  LANGERKOPP  AND  FETIBERO, 

7.  TEST  DATA  CTHD  IN  PARA  4 ABOVE  IS  EEIHO  POH/ARDED  TO  EPBCR 
By  MAIL. 


MPR:  Testing  and  evaluation  cited  in  this  WB£-was  requested  by  APCS/EPE 
in  order  to  determine  proper  radio/mux  interface  for  Feldberg-Langerkopf 
link* 


P.  LA  DIEU,  OS-12.  EPE,  2>f03 
L'di  FELTEi;'::,  cs-i:;,  ete,  24270 
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Figure  200.44 


SIGNATURE  FOR  • 

TWINAX  (BALANCED)  CABLE  PLANT  AT  RAF  CROUGHTON 
AFTER  CORRECTION  OF  DEFECTS 


Figure  200.45 
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SIGNATURE  FOR 

TRIAX  (UNBALANCED)  CABLE  PLANT  AT  RAP  CROUGHTON 
AFTER  CORRECTION  OP  DEFECTS 
(Traced  from  Figure  200.44) 
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figure  200  06 
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DISTRIBUTION:  X 
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603  TCS  

213‘*  CS 

HQ  ARCS 

CS 

OA.  . 

DOY 

LGM 

XPQ 

EPE 

EPCP 

DAPL 

NCA/EPE  

SC  A/ EPE 

PCA/XME  

ECA/XPQ  

1839  EIG/EFE  

DDC,  CAMERON  STATION,  ALEXANDRIA,  VA 

181)2  EEG/EEISD 

181)2  EEG/EETTW 

2130  Comm  Gp/LG  

1945  Comm  Gp/LG  

DCA/Code  500  

DCEC 

R320 

R200 

R400 

R700 

DCA-EUR/E102  

USACC/ACC-OPS-ST  

COMMNAVTELCOM  

CINCUSNAVEUR  
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